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doing column chromatography? 
if it’s resolution you’re after... which sampling is 


10 fractions of 20 cc each or 200 fractions of 1 cc each? 


Break a given volume into many small fractions, rather 
than a few large ones, and you're bound to get sharper dif- 
ferentiation, higher resolution. 

Stands to reason . . . but how? The manual “‘bird-watching” 
method is tedious enough for a dozen-or-so collections: down- 
right impossible when you need hundreds. 

It's no trick at all though when you mechanize fractiona- 
tion with the Technicon automatic collector. You can run collec- 
tions either by time-flow, or, if utmost resolution is required, by 
drop count. Either way, all you have to do is mount the prepared 
column on the machine, set it for the desired number (up to 200) 
of samples of whatever volume you wish (from a single drop 
up to 28 cc}. Then start it and go away. 

Come back hours later (or next morning) and find the job 
all done. Excess material beyond that required for the experi- 
ment is automatically diverted to waste when the machine turns 
itself off on completion of the collection. 


con 


automatic fraction collector 


There's a lot more you should know about this 
time-and-labor saving instrument. You'll find it 
in a brochure you can get by writing 


TECHNICON CHROMATOGRAPHY CORP. 
215 East 149th Street, New York 51, New York 
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The Instrument and the Spirit 


HE instrument is the extension of the senses of 

the scientific investigator and the refinement and 
enlargement of his crude powers of manipulation. It 
renders precise his variable and subjective observa- 
tions, and records in full and permanent form what 
would perish if it depended upon his memory and his 
notes. It has often been said that the history of modern 
science can be read in the invention and improvement 
of scientific instruments. For this reason alone it is 
important for us, at least once a year, to give a spe- 
cial place in the pages of Scrence to the advances 
being made in instrumentation. 
. Leonardo da Vinci, four and a half centuries ago, 
well knew the significance of new instruments and im- 
plements, and turned his giant talents, from painting 
the fresco of the Last Supper in the chapel of Santa 
Maria delle Grazie, to invention and engineering. Was 
art then simply to be a handmaiden of the sciences? 
Not at all, for what Leonardo sought in the sciences— 
in his studies of flowers, of the anatomy of the human 
heart, of the nature of fossilsk—was what he sought 
also in his experiments in painting, so often unsuc- 
cessful and uncompleted. The quest of Leonardo was 
the quest of the scientific spirit “to explore and to 
understand the universe . . . to grasp the forms and 
laws of nature and life as they revealed themselves to 
his alert and penetrating eye.” Art thus became the 
effort to express in spirit the full scope of human 
knowledge and understanding. That effort by Leo- 
nardo to fuse science and art we recognize today as 
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having been the supreme achievement of the Renais- 
sanee, 

The role of the instrument in furthering this syn- 
thesis of which Leonardo dreamed has grown beyond 
even the bounds of his imaginative genius. Like thou- 
sands of other scientists, I can sit in my room before a 
few instruments, and have the world before me to see 
and to hear. Like so many other scientists, I find a 
special pleasure and refreshment in that synthesis of 
mathematical proportions, rhythms and harmonies 
with the creative imagination of the artist to make 
what we call music. To how many of us, then, the 
greatest triumph of the instrument is represented by 
the enlargement of the spirit it brings. The radioed 
word that death has so untimely claimed Kathleen 
Ferrier, whom we have never seen or heard in person, 
creates in us a bitter sense of personal loss. Yet the 
instrument conquers time as well as space and recre- 
ates anew at our will the full marvel of her voice and 
her artistry. Through the pickups, wires, condensers, 
electronic tubes, and metal diaphragms of our instru- 
ments we learn more fully the meaning, so pregnant 
for these uneasy times, of the words of John Donne: 

No man is an Iland, intire of itselfe; every Man 

is a peece of the Continent, a part of the maine; 

if a Clod be washed away by the Sea, Europe is 
the lesse, as well as if a Mannor of thy friends 
or of thine owne were; any man’s death dimin- 
ishes me, because I am involved in Mankinde; 

And therefore never send to know for whome the 

bell tolls; It tolls for thee. 

BENTLEY GLass 
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NE OF THE OUTSTANDING FEA- 
TURES in the development of American 
industry has been the utilization of science 
and the application of scientific methods 
to the development of technologies. The total num- 
ber of scientists in industry and the rate at which 
their numbers are increasing, together with the great 
growth of industrial research facilities, present strik- 
ing assurances of our industrial strength and vitality. 
The application of science is undoubtedly a keystone 
in the development of modern industrial technology. 
It is a part and parcel of all its corollaries, including 
the great and increasing productivity of the American 
workman, the enhanced standard of living of our peo- 
ple, and the extensive use of labor-saving devices, even 
in the home, . 

It must be admitted that not all segments of Ameri- 
ean industry have been equally alert in utilizing the 
advantages of science, but the electrical, along with 
the chemical and aircraft industries, have been among 
the foremost in this regard. This is well exemplified 
by the history of the General Electric Company, now 
celebrating the seventy-fifth anniversary of the found- 
ing of its earliest component, the Edison Electric 
Light Company. 

This company grew out of the scientific studies of 
Thomas A. Edison, who had established his labora- 
tory in a long, white building at Menlo Park, New 
Jersey, in 1876. Arc lights were then coming into wide 
use, particularly for outdoor illumination, but indoor 
use required a smaller lamp, and there was much dis- 
eussion of the problem of “subdividing the electric 
light.” 

Edison had some ideas as to how it might be done 
with an incandescent filament sealed in an evacuated 
bulb. On October 15, 1878, the Edison Electric Light 
Company was incorporated, and Edison was provided 
with ample funds for his researches. Hundreds of ex- 
periments took place during the next year. Finally, on 
October 19, 1879, Edison placed a carbonized cotton 
thread, bent into hairpin shape, inside one of his glass 
bulbs. The air was exhausted and the current was 


burned for forty hours. Edison realized that success 
had come at last, for if the thread burned forty hours, 
it could be made to burn a hundred, or a thousand. 

Thus the electric lamp was born. In the next few 
years it came into wider and wider use. The estab- 
lishment of Edison’s Pearl Street Station in 1882 in 
New York, inaugurated the era of electrical service 
supplied from a central station. 
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switched on; light came from the glowing thread. It - 


Fie. 1. Thomas A. Edison shown in the Menlo Park Labo- 
ratory with his first successful electric lamp, on October 19, 
1879. (From a painting by Dean Cornwell.) 


Meanwhile, at the Philadelphia Central High 
School, a young chemistry professor, Elihu Thomson, 
with the aid of a colleague, Edwin J. Houston, had 
invented a dynamo and other electrical devices. To ex- 
ploit these, the American Electric Company had been 
organized in New Britain, Connecticut, whence Thom- 
son had moved. In 1883 this firm was bought by a syn- 
dicate under Charles A. Coffin, a Massachusetts shoe 
manufacturer, was reorganized as the Thomson-Hous- 
ton Company, and was moved to Lynn, Massachusetts. 
Nine years later, under Coffin’s leadership, this com- 
pany merged with the Edison General Electric Com- 
pany, and the General Electric Company was the off- 
spring. 

Thus, even when the company was organized, it 
already had a distinguished technical background, with 
Edison on one side and Thomson on the other. In that 
same year another name destined for fame was added 
to the rolls—that of Charles Proteus Steinmetz. A 
German immigrant, possessed of a brilliant mind, he 
had arrived in New York in 1889 and had gone to 
work for Eickemeyer and Osterheld in Yonkers. There 
he developed the mathematics of the law of hysteresis, 
which governs losses in the magnetic circuit of an elec- 
tric motor. This gave electrical engineers a powerful 
tool for designing efficient electric equipment. Mainly 
to secure Steinmetz’ services, the Eickemeyer firm was 
purchased by General Electric in the summer of 1892. 
At first Steinmetz was employed in the calculating 
department at Lynn, but in 1894 this department was 
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expanded and moved to Schenectady, with Steinmetz 
heading it as Head Engineer for the Company. Here 
he did important work on the mathematics of alternat- 
ing current, which had shown its advantages and was 
then coming into extensive use. Later he also taught 
at Union College. 

Professor Thomson had his personal laboratory at 
Lynn, but the first formal Company laboratory was 
established at Schenectady in 1895, for “standardiz- 
ing” work, which meant simpiy the cleaning, repairing, 
and ealibration of electrical measuring instruments. 
A special building was erected for this Standardizing 
Laboratory, with copper nails and brass radiators, to 
insure freedom from the effects of unknown magnetic 
fields. This was the forerunner of the General Engi- 
neering Laboratory, which now performs an impor- 
tant function in helping apply to everyday life the 
new facts brought out by scientific research. Much of 
its activity relates to instruments, measuring devices, 
and other equipment used by scientists and engineers. 
Its guiding motto has been the famous words of Lord 
Kelvin: “When you cannot measure it, when you can- 
not express it in numbers . . . you have searcely, in 
your thoughts, advanced to the stage of Science, what- 
ever the matter may be.” 

Under its skilled engineering leadership, the new 
company advanced rapidly, but by the turn of the cen- 
tury it became apparent to several of its officials that 
something was lacking. Since engineering depends 
upon applied science, it is evident that scientific knowl- 
edge is the most important raw material of engineer- 
ing development. Research, in turn, is the source of 
scientific knowledge. The electrical industry in 1900 
was based on research that had been done a half cen- 
tury earlier by such men as Alessandro Volta, Joseph 
Henry, and Michael Faraday. Without a continuing 
supply of new scientific facts as a product of research, 
it was recognized that future engineering development 
would be impossible. 

The leaders of the Company felt the need to partici- 
pate in the fundamental research on which the indus- 
try was based. Why should not General Electric itself 
engage in fundamental research and so contribute to 
this source of its most essential raw material for 
future growth? Who first thought of this is still un- 
certain—the idea seems to have come simultaneously 
to E. W. Rice, vice president and technical director of 
the Company, Professor Thomson, Dr. Steinmetz, and 
Albert G. Davis, who headed the Company’s patent 
department. 

One day in the fall of 1900 Steinmetz and Davis 
entered Rice’s office. “Mr. Steinmetz and I,” said 
Davis, “believe it would be an excellent idea to create 
a laboratory where scientific investigations might go 
forward on the incandescent lamp and other problems. 
We should like to recommend such a step for your 
serious consideration.” 

“To improve electric lighting is our foremost 
thought,” he went on. “I personally feel, and Mr. 
Steinmetz endorses my views, that the electric light has 
a future more brilliant than its past. We should not 


452 


Fic. 2. When the General Electric Research Laboratory 
was organized in 1900 it was housed in this barn at the rear 
of the home of Dr. C. P. Steinmetz in Schenectady. 


like to assert that the carbon-filament lamp is the best 
lamp we can have. There may be a better type of elec- 
trode for are lamps than the carbon electrode. These 
things cannot be determined properly without re- 
search.” 

Since Rice had already been thinking along similar 
lines, the idea fell on fertile ground. They agreed to 
establish such a laboratory, entirely divorced from the 
factory and sales organization, where the guiding prin- 
ciple would be that of adding to fundamental knowl- 
edge. As director of the new undertaking they selected 
Dr. Willis R. Whitney, a young chemistry professor 
at the Massachusetts Institute of Technology, whow 
Thomson had met and admired, 

The first home of the laboratory was a barn bavk 
of Steinmetz’ home; the second, a building in the 
General Electric Schenectady Works which had been 
vacated by the Standardizing Laboratory when it 
moved to larger quarters. Next came another converted 
factory building, and in 1914 the Research Labora- 
tory moved into a building erected especially for its 


Fic. 3. Present home of the General Electric Research Lab- 
oratory is in Niskayuna, near Schenectady, on the bank of 
the Mohawk River. This shows the main building and (right) 
the Radiation Building which houses a large synchrotron as 
well as other equipment for high-energy radiation. Addi- 


tional new buildings are now being planned, including a 
large metallurgical laboratory, to be erected to the rear of 
the water tower, and a combustion laboratory. 
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needs. Eleven years later another building, connected 
with the older structure by a bridge, was added; but, 
at the end of World War II, even these were inade- 
quate. The Research Laboratory moved to its new 
quarters on a 260-acre site at the Knolls, outside 
Schenectady, which was dedicated in October, 1950, at 
the time of the Laboratory’s fiftieth anniversary. 
From the start, electric lighting engaged the atten- 
tion of a large section of the laboratory, and indeed it 
still does. One of Whitney’s first developments was 
the metallized carbon filament, utilized in the Gem 
lamp, introduced in 1905, which gave a 25 per cent 
higher efficiency than its predecessor and had the same 
life. But this lamp was soon superseded by the tung- 
sten lamp. Filaments for this were first made by a 
process developed in Europe whereby a tungsten pow- 
der in paste form was squirted through a die to form 
a thread. This thread was then heated to drive out the 
binder and make the metal particles cohere in a fila- 
ment. Even though such filaments were very fragile, 
their superiority in producing light !ed to the manu- 
facture and use of tungsten lamps in large numbers. 
In that same year of 1905 Whitney had induced an- 
other chemist at the Massachusetts Institute of Tech- 
nology, Dr. William D. Coolidge, to join his staff. 
Coolidge also became interested in the lamp problem 
and soon made a‘considerable improvement in the 
process of making squirted filaments. But by 1908 he 
had developed a process of making tungsten ductile. 
Since the metal could then be drawn into a wire, the 
modern tungsten lamp, able to withstand rough treat- 
ment, was developed and made its appearance in 1910. 
Dr. Irving Langmuir, who had come to the labora- 
tory from the Stevens Institute of Technology in 1909 
to spend the summer vacation—and remained—made 
the next important improvement in lamps. At that 
time it was supposed that a better vacuum was neces- 
sary to make a better lamp. To learn whether this 
might be a hopeful approach, Langmuir set out to 
find the basic effects of a number of different gases in 
experimental lamps at various degrees of vacuum. 
Eventually this showed that a better vacuum was not 
needed, but that a higher efficiency could be secured 
with an inert gas, such as nitrogen, inside the bulb, 
provided the filament was properly designed. The 
original gas-filled lamp, introduced in 1913, was about 
twice as efficient as the vacuum lamp, and since then 
additional improvements have increased its efficiency. 
Langmuir’s work on heat losses from hot filaments 
also led to the atomie-hydrogen welding torch. In this 
device a stream of hydrogen is passed through an elec- 
trie are between two tungsten electrodes, and the hy- 
drogen molecules are dissociated into atoms. However, 
as the atoms leave the are they recombine, producing a 
flame far hotter than ordinary welding flames. In ad- 
dition to the high temperature, there is the further 
advantage that the nitrogen, as well as the oxygen, of 
the air is kept away from the weld by the cloud of 
hydrogen around it. This prevents the formation of 
nitrides, which would weaken the weld. Atomic-hy- 
drogen welding made possible for the first time the 
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Fic. 4. Sir J. J. Thomson (center) examined a new type 
of electron tube when he visited the General Electric Research 
Laboratory in 1923. He is shown here with Dr. Irving Lang- 
muir (left) and Dr. William D. Coolidge. 


easy welding of aluminum, chromium, and cther pre- 
viously unweldable metals. 

After Coolidge had developed ductile tungsten, he 
looked for other uses for the novel material and found 
that it made an excellent target for x-ray tubes. But 
even with a tungsten target, x-ray tubes of that period 
were erratic affairs, since the electron emission from 
the cold aluminum cathode depended on a complex 
process involving the small amount of residual gas 
remaining in the tube. In the Coolidge x-ray tube, in- 
troduced in 1913, electrons are emitted from a heated 
tungsten filament and are accelerated toward the tar- 
get by a high voltage. With the need for residual gas 
eliminated, the tube could be evacuated to a high 
vacuum. Before many years had passed, the reliability 
and ease of control of the Coolidge tube had led to its 
replacing the cold-cathode tube in nearly all applica- 
tions. 

At about this time, Langmuir was working on an- 
other problem involving electrons and gas in tubes. 
De Forest’s audion, the original three-element electron 
tube, had recently been introduced and was used as a 
detector for radio signals and as an amplifier, and also 
in an oscillator in the transmitter. Its use as a trans- 
mitting tube, however, was severely limited, since its 
power output was low. Like the pre-Coolidge x-ray 
tube, it also would not function without a small amount 
of residual gas. 

Langmuir discovered what limited the power of the 
audion. Even with the highest attainable vacuum, elec- 
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trons were emitted from the hot filament, but they 
tended to accumulate around it in a cloud. Thus they 
formed a “space charge,” which repelled additional 
electrons seeking to leave the filament. If some gas 
was present, enough electrons were utilized in produc- 
ing ionization so that the space charge did not form. 
Langmuir found it possible to use a high vacuum if 
the parts of the tube were quite close together, so that 
the electrons did not have far to travel. Using extra- 
high voltage to pull them across the intervening space, 
the effect of space charge could be eliminated and the 
tubes operated at high power. This made possible 
tubes operating at as much as 100,000 watts, or even 
more, which are used today in radio and industrial 
applications. 


Fie. 5. Dr. Albert W. Hull, for many years assistant direc- 
tor of the General Electric Research Laboratory, with some 
of the electron tubes which he developed. 


After these pioneer studies by Langmuir and 
Coolidge, electronics continued to occupy the atten- 
tion of a large laboratory group. Dr. Albert W. Hull, 
who joined the staff in 1914, is credited with develop- 
ing more types of electron tubes than any other man. 
One of his contributions was the thyratron, used in 
controlling heavy currents, such as those used in large 
industrial motors, or the lights in a large theater like 
Radio City Music Hall. 

Another Hull invention was the original magnetron, 
a tube in which the variations in a magnetic field con- 
trol the electrons, and hence the flow of current. With 
important modifications introduced later by scientists 
in several countries, the magnetron played an impor- 
tant role in radar as used in World War II and in 
peacetime radars now used by ships and airplanes. 
During the war, a laboratory group, under Hull, de- 
veloped magnetrons to produce high-power waves at 
high frequency for jamming enemy radar. Tubes of 
this type are now employed to produce such waves for 
the heating of plastics and similar materials. 

In the Laboratory’s metallurgy division, a continu- 
ing research has resulted in improved iron for the 
magnetic circuits of electrical apparatus such as trans- 


formers. Operating on alternating current, these trans- 
former cores become magnetized and demagnetized 
many times a second. Their properties, therefore, must 
be exactly opposite to those of permanent magnets, 
which should retain their magnetism despite surround- 
ing effects. Transformer iren, therefore,must give up 
its magnetism as quickly as possible, otherwise energy 
is wasted. As a result of an extensive research program 
to find the factors that determine such magnetic losses 
in silicon steel, the iron alloy generally used for trans- 
former cores, losses are now a third of what they were 
when these studies began. 

At the same time that one group of Research Labo- 
ratory metallurgists were working on these problems, 
another group was engaged in the development of per- 
manent magnets. The result was whole series of alloys, 
many of which are forms of Alnico, an alloy of iron, 
aluminum, nickel, and cobalt. Other metallurgical re- 
search has developed alloys able to withstand the ex- 
tremely high temperatures encountered inside gas and 
steam turbines and jet engines. 

Particularly significant is the work of a large group 
in our Metallurgy Research Department concerned 
with the fundamental properties of metals. Much of 
metallurgy in the past has been an empirical study— 
an art rather than a science—but now, unquestionably, 
a real revolution in the theory and practice of metals 
and alloys is taking place. In many important proper- 
ties of metals, such as tensile strength, magnetic 
energy and high-temperature rupture strength, theo- 
retical limits imposed by nature are vastly higher than 
practical values in present use. The properties of 
metals and alloys provide a limit to the performance 
and capability of a vast array of mechanical things, 
and hence there is a great premium upon improved 
metallic materials. 

One of the most important of many chemical devel- 
opments has had to do with the silicones. Although 
these had been discovered about 1870 and had been 
extensively studied in England, they were regarded as 
chemical curiosities, without practical value. They con- 
sist of long-chain molecules, with a backbone of alter- 
nate silicon and carbon atoms to which groups of hy- 
drogen and carbon atoms are attached on the side. 
Their structure suggested that they would have high 
resistance to thermal effects. This was confirmed by 
studies in the Research Laboratory, which ultimately 
developed a new and simplified direct synthesis of the 
compounds. In addition to their use as electrical in- 
sulation in applications where high temperatures are 
encountered, silicones are used for making water- 
repellents, elastomers, which remain flexible at tem- 
peratures well above those at which ordinary rubber 
hardens, for synthetic oils, which flow easily at very 
low temperatures, yet do not decompose when hot, 
and for chemical- and heat-resistant finishes for 
metals. 

As a direct outgrowth of Dr. Coolidge’s early work 
on x-rays, a series of high-voltage x-ray units has been 
developed in recent years. It proved impracticable to 
operate a tube of the ordinary type at more than about 
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250,000 volts, but Coolidge applied a “cascade” prin- 
ciple for higher voltages. That is, instead of aecceler- 
ating the electrons to the required energy in one stage, 
he used several stages, which made it possible to reach 
a million volts, or more. 

The first units embodying these principles were 
made for various hospitals for cancer therapy. Later, 
a series of improvements made it possible to make 
them much more compact and tnobile, and these were 
applied industrially for radiography of thick steel 
eastings. Million-volt, and later two million-volt, units 
of this type are used in many industries, while similar 
principles have been applied to improved medical units 
as well. 

In the last few years, one of these million-volt units, 
modified to let a beam of electrons emerge into the 
open air, has been used as a source of 900,000-volt 
cathode rays, which have been found to have interest- 
ing physical as well as chemical effects. For example, 
they may be used for sterilizing things like blood 
plasma and pharmaceuticals, without causing any sig- 
nificant increase in temperature. Also, by their aid, 
many new chemical reactions may be produced; the 
polymerization, depolymerization, and crosslinking of 
organics offer interesting possibilities, so that a whole 
new field of “electron chemistry” seems to be emerg- 
ing from such work, : 

To go to even higher voltages, the betatron was 
developed, a task in which the Research Laboratory 
played an important role. In this. device electrons are 
accelerated inside a toroidal vacuum tube in a flue- 
tuating magnetic field. A 20-million-volt betatron, com- 
pleted in 1941, was later loaned to the University of 
Illinois and was the prototype for a number of ma- 
chines built for wartime applications. In 1943 a 100- 
million-volt betatron was completed and this has since 
been used extensively for nuclear research. 

About 1945 a new type of accelerator, now known 
as the synchrotron, was proposed independently by 
E. M. MeMillan, of the University of California, and 
V. I. Veksler, in Russia. A synchrotron yielding x-rays 
of 80,000,000 volts energy was completed in the Re- 
search Laboratory in 1947. This, the first in the United 
States, was sponsored by the Office of Naval Research. 
Another laboratory group, also originally supported 
by the ONR, has since built a synchrotron of novel 
type, with the coils of wire around a core of air, rather 
than of iron, as in its predecessors. This machine is 
capable of generating radiation of 300,000,000 volts 
energy. 

In the late 1930's it was first realized that the fission 
of uranium might be a source of nuclear energy. It 
was in March, 1940, that two groups, the one composed 
of two Research Laboratory scientists, K. H. Kingdon 
and H. C. Pollock, and the other directed by A. O. 
Nier, at the University of Minnesota, simultaneously 
and independently made the first separation from 
natural vranium of U***, which was thereby shown 
to be the isotope that underwent the fission reaction. 

At the end of World War II an Atomic Power Divi- 
sion was organized within the Research Laboratory to 
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study possible applications of atomic energy for peace- 
time uses. This later became the Knolls Atomie Power 
Laboratory, operated by the General Electrie Com- 
pany for the Atomic Energy Commission. Later, it 
was separated from the Research Laboratory and set 
up as an independent unit. Since 1950 its principal 
activity has been the construction of a nuclear reactor, 
utilizing neutrons of intermediate energy, to power a 
submarine for the U.S. Navy. 

Probably the best-known research activity of the 
Laboratory in recent years has been its work in ex- 
perimental meteorology. During the war, Dr. Irving 
Langmuir and his associate, Dr. Vincent J. Schaefer, 
worked on smoke and fog particles, devising the highly 
efficient smoke generator used to provide cover for 
landings in the South Pacifie as well as for the cross- 
ing of the Rhine. They also worked on the causes of 
static produced in aircraft radio when flying through 
a snowstorm. 

This work led Schaefer to try to discover how snow 
erystals were formed. In a home freezer, at a tem- 
perature of about —18 C, he formed a cloud of mois- 
ture. Although it was well below the ordinary freezing 
point, it consisted of supercooled water droplets, and 
various nuclei were introduced in an unsuecessful 
effort to change it to a cloud of ice erystals. Finally, 
on a hot day in the summer of 1946, he happened to 
drop into the box a large piece of dry-ice, to help get 
the desired low temperature. A cloud of ice erystals 
immediately formed. Schaefer, who had previously 
found that snow will form from a supercooled cloud 
spontaneously at — 39 C, recognized that the dry-ice 
had cooled it below this critical temperature, thus 
forming millions of tiny ice erystals, which then acted 
as nuclei on which the rest of the moisture in the cloud 
could deposit. 

On November 13, 1946, he dropped dry-ice from 
an airplane over a supercooled natural cloud and 
found that it turned to snow. Later, another General 
Electric scientist found that silver iodide could form 
nuclei that would produce similar effects, and other 
methods were also discovered. As a result of these dis- 
coveries, a weather research program known as Pro- 
ject Cirrus was set up in March, 1947. This was a joint 
study by the U.S. Army Signal Corps and the Office 
of Naval Research, in consultation with the Research 
Laboratory. Although Project Cirrus was terminated 
in May, 1952, much of the research has continued. It 
is not easy to predict the ultimate results, but it seems 
certain that the pioneering work of these General 
Electric scientists in cloud physics, cloud seeding, and 
weather modification will eventually have a profound 
influence on all of us. Rainmaking, which has been 
popularly identified with this project, is really only 
one aspect of the very broad subject of experimental 
meteorology. 

In American industry there is a wide variation in 
what is considered research. Some research laborato- 
ries range all the way from fundamental studies of 
properties of matter through development to services 
for patent licensees. In our own company, from the 
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start, the Research Laboratory has had a primary in- 
terest in exploratory research. However, there is no 
sharp dividing line between this and applied research, 
and necessarily we do a great deal of the latter as well. 
There are more than a score of other laboratories in 
the Company, all doing important and necessary ap- 
plied scientific work, since a new development, to be 
of the greatest value, has to be put into use, and there 
are usually many important practical problems to be 
solved after a new result of research leaves the Re- 
search Laboratory. 

Our experience shows that the technological process 
frequently requires a great many distinct steps, which 
seldom can be negotiated by broad leaps and short 
cuts. Very infrequently does a research development 
go directly to manufacture and use. It seldom goes 
directly to the design engineering point in the techno- 
logical chain. 

The typical research result has great promise; be- 
cause of one or two irritating features which are 
extremely minor in the eyes of the scientist, but which 
loom as major obstacles to the engineer, the new result 
cannot be of immediate use. This impasse is over- 
come by very skillful people engaged in what is vari- 
ously termed development work, or engineering devel- 
opment, or advanced engineering. Whatever the name, 
the activity comprises the one or more important steps 
in technology that lie between research and design 
engineering. We have found that these development 
steps are practically indispensable to the success of 
the technological process. 

Furthermore, this task is best accomplished by de- 
velopment scientists and engineers who have this im- 
portant work as a primary responsibility. It is seldom 
done well by people who are supposed to do it in time 
left over from a more important assignment. Thus, 
the development step, preferably a separate labora- 
tory, is a vital step in the technological process; to be 
most effective it must be given organizational identity 
and a clear responsibility for this work. 

The widespread interests of the General Electric 
Company, in a great variety of fields, have made pos- 
sible our varied research activities, since any one of 
many different developments may be of potential value 
to some operating division. 

In a highly specialized industry, on the other hand, 


research must be specialized to fit the industry. For 
example, the manufacturer of a line of organie chem- 
ical products, which are highly specialized with re- 
spect to raw materials, manufacturing equipment, and 
markets, is happiest if the results of his research fit 
immediately into his preserrtt manufacturing and mar- 
keting capabilities without change, and of course at 
very much lower cost. Basically, the degree of free- 
dom of the industrial research scientist is thus deter- 
mined by the diversity of the industry in which he 
works, 

If the research chemist, for example, can work only 
toward results that fit like a glove into the capabilities 
of a specialized industry, little room is left for the 
play of his originality, for following the byways of 
research in the investigation of the unexpected result, 
and for the exploration of the nearby area of a great, 
but speculative promise. Worse still, scientists of skill 
and imagination will not long work within a closely 
limited scope; if one must be certain of the results of 
research in advance, the objective must be of such 
short range that it hardly partakes of a research char- 
acter. The net result is likely to be frustrating to the 
scientist and disappointing to the sponsor. 

It is better to leave some room for originality and 
imagination, which are important attributes of crea- 
tive individuals. Furthermore, a little diversity may 
do no harm to the industry and may provide a degree 
of stimulation that is reflected in old as well as new 
products. 

Despite the great development in American indus- 
trial research since 1900, when the General Electric 
Research Laboratory was founded, there remain im- 
portant areas where scientific research has not yet been 
fully established. Throughout the technical industries 
we still have much to learn about the most effective 
pursuit of research and development and its detailed 
problems. Still more important, however, is the fact 
that, by and large, industry is not sufficiently specu- 
lative in its research. We often control our research 
too closely and confine it so narrowly to existing prod- 
uct areas that it fails to develop its full potentialities 
for new results. In short, in a free enterprise system 
we could well afford to be a bit more enterprising in 
exploring the greatest frontier the world has ever 
known—the frontier of science. 


Sorence, Vol. 118 


hae 
tior 
eva 
ané 
in) 
| tab 
7 cor 
the 
: 
en 
the 
fui 
| tec 
: 
fe 
tic 
: 
a va 
: 
| 
a 
Z 
tl 
te 
456 
t 
Mas 


Basic Instrumentation 
at the National Bureau of Standards 


PROGRAM of research and development in 
basic instrumentation is now in its fourth 
year at the National Bureau of Standards. 
Under the general direction of W. A. Wild- 

hack, Chief of the NBS Office of Basic Instrumenta- 
tion, new applications of physical principles are being 
evaluated and applied to problems in measurement 
and control. Theoretical analyses are also conducted 
in various phases of instrumentation, and critical sur- 
veys are made of available instruments and techniques 
for types of measurement that are becoming increas- 
ingly important. 

The NBS Office of Basic Instrumentation was es- 
tablished in 1950 to serve as a research, reference, and 
consultation center on problems of instrumentation for 
the laboratories of government and industry. Its pro- 
gram is sponsored’ by the Office of Naval Research, 
the Air Research and Development Command, the 
Atomic Energy Commission, and the National Bureau 
of Standards. While this program constitutes only a 
relatively small part of NBS activities, if represents 
an effort to utilize the Bureau’s facilities and experi- 
ence in the field of physical measurements to advance 
those techniques of measurement and control that are 
fundamental to progress in science and industrial 
technology. 

Improved instruments for measuring basic physical 
magnitudes are vital to advances in the physical sci- 
ences and their applications (1-3), yet until recently 
the problem of designing instruments to measure dif- 
ferent quantities and for use under different condi- 
tions has been largely left to the individual scientist 
or engineer working in his particular technical field. 
However, it is coming to be more and more widely 
recognized that the problems met with in designing 
various kinds of scientific instruments have much in 
common and that the designer of an instrument for a 
specific purpose can often benefit from the experi- 
ence gained by others with instruments built for quite 
unrelated purposes (4). In an effort to realize the ad- 
vantages that would accrue from coordinated planning 
of research on instrumentation as a science in itself, 
the NBS Office of Basic Instrumentation was estab- 
lished. Under such a program, it has been possible 
to take advantage of ideas and developments origi- 
nating in various technical fields that have a bearing 
on basic instrumentation problems. : 

The technical work of the Office of Basie Instru- 
mentation has two principal objectives: (a) systematic 
analysis of available methods and devices in terms of 
their performance and characteristics and (b) research 
on new applications of principles and materials leading 
to the development of instruments and techniques not 
now available. This program is carried out largely 
through the assignment of instrumentation research 
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projects to those NBS laboratories that are best quali- 
fied to conduct research in the particular field of sei- 
ence involved (5). However, the Office of Basie In- 
strumentation also maintains a small laboratory staff 
of its own for investigation of special problems and 
a group of specialists in instrumentation literature 
who are developing a reference and consultation ser- 
vice to aid in the solution of instrumentation problems. 

The various projects included in the technical pro- 
gram may be classified into four groups: 


1) Critical surveys of available instruments or tech- 
niques for certain types of measurement that are tak- 
ing on increased importance. 

2) Projects for the theoretical or experimental eval- 
uation of new applications of physical principles to 
general problems in measurement and control. Nor- 
mally such projects are limited to a basic exploration 
of probable fruitful applications and do not involve 
development of specific instruments incorporating such 
applications. 

3) Projects for the new application of physical 
principles to specifie problems in measurement and 
control. 

4) Projects for theoretical analysis and development 
in various fields of measurement, control, or handling 
of measurement data. 


In the earlier phases of the program, experimental 
projects of the types described under (2) and (3) pre- 
dominated, largely because technical personnel par- 
ticularly suited for a number of such projects were 
available. However, as the program proceeded, it has 
been possible to place additional emphasis on projects 
under (1) and (4). In particular, survey projects have 
been initiated in a number of important areas. 


Surveys 


The critical surveys of various general types of in- 
struments are designed to assist the engineer or sci- 
entist in making the proper selection of existing types 
of instruments for new applications as they arise or 
to aid him ‘n combining various elements of known 
characteristics in the design of new instruments. Such 
surveys also provide the information needed for ade- 
quate planning of more specific instrumentation proj- 
ects. Surveys of this kind now in progress include 
studies of millimicrosecond oscillography, dynamic 
pressure instrumentation, strain-gage recorders, volt- 
age-sensitive devices, and analog-to-digital converters. 

Large fluctuations in fluid pressure, often occurring 
at high frequencies, present an important problem in 
the design and operation of jet aircraft, rockets, and 
chemical plants. Recent needs, particularly in aero- 
nautie and ordnance research, for making dynamic 
fluid-pressure measurements have indicated the prac- 
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tical necessity of a survey in this field. It is believed 
that an up-to-date compilation of significant tech- 
niques will be of great value to all workers faced with 
such problems. Thus far a bibliography of about 250 
books, articles, and reports of various government re- 
search laboratories, covering the period from 1920 to 
the present, has been assembled, and a broad outline 
has been prepared to guide an investigation of the 
literature. The present bibliography is to be extended, 
and individual articles are to be reviewed and sum- 
marized. The manufacturers’ literature will also be re- 
viewed, and some attempt will be made to evaluate 
instrument performance where data are available. 

The survey of millimicrosecond oscillography has 
also progressed. Recent developments in radar, tele- 
vision, atomic physics, telemetering, and other fields 
have greatly increased the need for oscillographic 
measurements in the time range below one microsec- 
ond. As a result, newer and faster oscillographs are 
being developed. Such instruments will also find ap- 
plications in the study of electrical breakdown under 
steeply rising voltage surges—a subject of growing im- 
portance in insulation testing. A survey in this field 
is expected to be useful not only in the planning of 
new research but also for guidance in instrumentation 
problems concerned with the recording of high-speed 
transient voltages. 

Although analog-to-digital converters are used in a 
number of different applications and new types are 
being developed to meet new situations, the develop- 
ment and use of such devices has been hampered by 
the lack of a comprehensive picture of the require- 
ments to be met and the techniques presently used to 
meet them. In an effort to bring widely scattered in- 
formation on this subject together, data have been col- 
lected on analog-to-digital converters manufactured 
by commercial companies and on those now being 
developed by these companies and by government 
agencies. 

The survey of strain recorders, recently undertaken, 
has as its object the gathering of technical informa- 
tion that will aid in the selection of equipment for 
producing autographie stress-strain records of tensile 
tests. The use of recorders for this purpose has become 
standard practice in most materials testing labora- 
tories. However, the recorders are supplied by manu- 
facturers in a variety of forms, and there is little in 
the open literature to guide the user in the selection 
of equipment. There is even less information regard- 
ing the accuracy of recorders and strain gages. The 
results of this survey will be based on laboratory 
studies at NBS as well as on information obtained 
from other sources. 


Speciric 
Laboratory studies of more specific problems in in- 
strumentation have resulted in a number of develop- 
ments having broad potentialities for measurement or 
control. For example, a method? was developed which 


1Isotopic method determines water content, NBS Tech. 
News Bull., 36, 145 (October, 1952). 
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Fie. 1. Internal mechanisms of the NBS electron-beam in- 
terferometer. The interferometer employs diffraction from an 
extremely thin crystal as a means for splitting and recom- 
bining an electron beam and uses an electron optical system 
for viewing the resulting interference phenomena. Three crys- 
tals are mounted in an evacuated chamber that replaces the 
object chamber of an electron microscope. Each of three crys- 
tals are placed on mounts that may be rotated about the 
optical axis. The mount of the first crystal (top disk) may 
also be translated. The spacing between each crystal is 3.48 
em. Copper crystals approximately 100 A thick and about 3 
mm in diameter are enclosed in small capsules that are 
placed in the center of the disk-like mounts. The controls 
for the crystal motion are brought to the outside of the 
chamber through vacuum-tight seals. 


uses heavy water to determine the total water content 
of biological tissues, proteins, inorganic crystals, and 
other materials. Based on a spectroscopic measurement 
of the ratio of ordinary to heavy water in a solution 
containing the sample, the isotopic method is outstand- 
ing in the rapidity and convenience with which it can 
be applied to a large number of samples. 

In another project of this kind, research on the wave 
properties of electrons has resulted in the development 
of an interferometer? that utilizes electron beams to 
produce interference fringes in much the same way as 
conventional optical interferometers use light beams. 
The NBS electron interferometer (Fig. 1) greatly ex- 
tends the range of light interferometers used in the 
direct measurement of length. The instrument also con- 
stitutes an extremely sensitive device for measuring 
gradients of magnetic and electrostatic fields, analo- 
gous to refractive indices in optical interferometry, 


2Electron-beam interferometer, NBS Tech. News Bull., 37, 
101 (July, 1953); Electron interferometer, by L. Marton, 
Phys. Rev., 85, 1057 (1952). 
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and provides a means for obtaining additional infor- 
mation on the wave nature of the electron. Other sug- 
gested applications of the method include studies of 
the energy levels in solids and an absolute determina- 
tion of Planck’s constant. 

Spurious electrical signals, or “noise voltages,” pre- 
sent a problem in many types of instrumentation work 
where cables are subjected to mechanical shock and 
vibration. They interfere with” measurements of pres- 
sure in underwater explosion and air-blast research 
and with determination of acceleration in shock and 
vibration studies. They also adversely affect the per- 
formance of erystal-type microphones, hearing aids, 
and phonograph pickups, and of many other high- 
impedance devices in the fields of communication, 
measurement, and control. The mechanism of the noise 
generation was not generally understood and was often 
assumed to be somehow related to piezoelectric or con- 
verse electrostrictive effects, changes in the electrical 
constants of the cable, or separation of electrical 
charges by friction. Last year a detailed theoretical 
explanation was formulated for the generation of the 
spurious signals, and a low-noise instrument eable*® 
was developed. 


Fic. 2. Critical flow hygrometer developed by the NBS 
Office of Basic Instrumentation. The device is based on the 
principles of gas flow at sonic velocity through orifices. 


In connection with a program aimed at extending 
the range and accuracy of dynamic mechanical meas- 
urements, the NBS Office of Basic Instrumentation in 
1951 developed a miniature piezoelectric accelerom- 
eter* for direct measurement of high-frequency vibra- 
tions. The device, which employed a barium titanate 

* Noise-free instrument cable, NBS Tech. News Bull., 36, 
87 (March, 1952). 

*Miniature piezoelectric accelerometer, NBS Tech. News 
Bull., 35, 141 (October, 1951); A ceramic accelerometer of 


wide frequency range, by Lawrence T. Fleming, Instruments, 
24, 105 (1951). 
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Fic. 3. The thermal noise thermometer, an instrument 
which determines temperature from the thermally generated 
electrical disturbance in an electronic circuit. Originally con- 
ceived and constructed at the University of Chicago, the 
noise thermometer has been redesigned by the Bureau in con- 
nection with its program in basic instrumentation. Amplifiers 
for the current from the temperature-sensitive element are 
at right. At left are a monitoring oscilloscope and an inte- 
grating circuit. 


erystal as the compressive element, was extremely 
small but in many ways superior to other instruments 
used to measure mechanical vibration and shock. Fur- 
ther investigations of the barium titanate accelerom- 
eter, largely concerned with design characteristics and 
calibration methods, have continued. In the course of 
this work a model has been developed having excep- 
tionally wide ranges of acceleration and frequency re- 
sponse (50,000 g, 100,000 eps). 

Research and development work on applications of 
pneumatic principles has resulted in a series or family 
of new instruments® based on gas flow at sonic velocity 
through nozzles. Utilization of these principles prom- 
ises to provide improved instruments for the measure- 
ment of pressure, temperature, rate of flow, humidity, 
gas composition, mechanical displacement, and other 
quantities. A humidity measurement instrument has 
now been completed, providing a background of in- 
formation that should be of value in the development 
of other instruments using the sonic flow principle 
(Fig. 2). 

Other investigations of this kind that have been 
undertaken deal with such topics as the thermal noise 
thermometer, an electronic coating thickness gage, a 
carbon dioxide hypsometer, strain and displacement in- 


5A versatile pneumatic instrument based on critical flow. 
by W. A. Wildhack, Rev. Sci. Inet., 21, 251 (1950). 
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struments, an ultrasonic velocimeter, feedback around 
image scanning systems, a phase sampling telemeter, 
the mutual inductance transducer, measurement of hu- 
midity by spectroscopic methods and microwave tech- 
niques, neutron spectrometer evaluation, and nucleonic 
instrumentation utilizing memory devices. 

The carbon dioxide hypsometer represents an at- 
tempt to utilize the temperature of subliming solid 
carbon dioxide in equilibrium with its vapor at am- 
bient pressure as a measure of pressure in upper air 
research. Several experimental models of this device 
have now been constructed and tested at pressures 
corresponding to altitudes up to 105,000 feet. The 
noise thermometer project was designed to evaluate 
the capabilities of the noise thermometer (Fig. 3), 
originally developed at the University of Chicago, as 
an instrument for measuring temperatures on the 
thermodynamic seale and to investigate the suitability 
of the device for other temperature measurement and 
control applications. The ultrasonic velocimeter is ex- 
pected to provide a simple, accurate method for meas- 


Fic. 4. The Ramberg vacuum tube accelerometer is essen- 
tially a double diode with elastically supported plates on 
either side of the common cathode. 


uring the speed of sound in liquids. A model of the 
device is now being used by the Navy to measure the 
speed of sound in water at various depths. The elec- 
tronie thickness gage is designed to nondestructively 
measure the thickness of metallic coatings which differ 
from the basis metal in electrical resistivity or in mag- 
netic properties. The gage is capable of working with 
nonmagnetic metals in applications such as the meas- 
urement of the thickness of silver on brass. The phase 
sampling telemeter, which utilizes a commutator-type 
sampling device, has been proposed as a system that 
may offer improvements over present telemetering sys- 
tems for certain applications in accuracy, reliability, 
complexity, weight and size of components, and power 
requirements. The project on strain and displacement 
instruments involves work on high-range and high- 
temperature types of strain gages as well as the de- 
sign and construction of improved models of the Ram- 
berg vacuum tube accelerometer,® originally developed 
by NBS in 1946 for acceleration measurements in 
aeronautical work (Fig. 4). 


*The improved Ramberg vacuum tube accelerometer, NBS 
Tech. News Bull., 34, 180 (December, 1950). 


Fic. 5. Model of the mutual-inductance micrometer, origi- 
nally developed by the NBS. The device employs two coils 
(left), a primary and a secondary. Alternating current fed 
into the primary induces current into the secondary, and the 
amount of this current varies with the distance of the sec- 
ondary from a conductive shield. The thickness of a noncon- 
ductive medium between the secondary coil and a metal sur- 
face can thus be measured. 


The work on image scanning systems is a study of 
the application of two-dimensional linear and non- 
linear feedback in optical-electronic systems using 
eathode-ray tubes. Contributions to research may re- 
sult from solutions of nonlinear partial differential 
equations by this technique. Practical results may also 
be derived from its use as an aid in the recognition 
of patterns, such as the matching of fingerprints, auto- 
matic reading of printed or written matter, or pos- 
sibly in weather prediction from synoptic maps. 

An investigation has been conducted to determine 
the characteristics of the mutual-inductance microm- 
eter,’ originally developed by NBS in 1947, as a trans- 
ducer for various applications (Figs. 5 and 6). An 
effort has been made to determine the influence of a 
large number of factors on the performance of a mu- 
tual-inductance transducer so that the optimum design 
for any specific use can readily be chosen, 

In 1950 NBS developed a recording microwave re- 
fractometer® of high sensitivity that can continuously 
sample and record the dielectric constant of a stream 
of air or other gas. This instrument is now being in- 
vestigated to determine its potentialities for use as a 
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Fic. 6. Schematic diagram illustrating the principle of the 
mutual-inductance micrometer shown in Fig. 5. An investi- 
gation to determine the characteristics of this device as a 
transducer for various applications is being carried out as 
part of the NBS Program in Basic Instrumentation. 


7 Electronic micrometer, NBS Tech. News Bull., 34, 187 
(October, 1950). 

* Recording microwave 
Bull., 34, 45 (April, 1950). 


refractometer, NBS Tech. News 
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humidity standard. In another project, the Office of 
Basic Instrumentation is studying the possibility of 
utilizing the hydrogen excitation spectrum for abso- 
lute humidity measurements at low temperatures. 
Because the neutron has no electric charge, the meas- 
urement of neutron energies is a problem quite differ- 
ent from that of electron, proton, or alpha-particle 
energy measurements. Thus -far, methods that have 
been employed for this purpose have been quite varied 
in principle. The work on neutron spectrometer evalu- 
ation will involve a summary of characteristics of 
neutron spectrometers now in existence and an evalu- 
ation of proposed designs for new types. The project 
on nucleonic instrumentation will be concerned with the 
development of fast memory tube-type pulse-height 
analyzers for nuclear research. It will also attempt to 
extend the use of memory tubes to other types of 
nuclear instrumentation. Another project in this field 


which is now being planned will include the construe- 
tion and absolute calibration of a standard slow- 
neutron flux free of gamma rays and the development 
of instruments and techniques for intercomparison of 
unknown fluxes with this standard flux. 

The projects described above, while not a complete 
listing, are typical and serve to indicate the seope of 
the work carried on by the NBS Office of Basic In- 
strumentation. Continual modification of the program 
and its objectives may be expected as the science of 
instrumentation develops and new instruments and 
measurement techniques become available. 
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The Basis for a Science of Instrumentology' 


John D. Trimmer 
Department of Physics, The University of Tennessee, Knoxville 


HOICE OF WORDS can sometimes lead to 

confusion and misunderstanding. Under a 

title involving the word “instrumentology,” 

I might well be expected not only to discuss 
instrumentology but even to know what the word 
means, particularly as contrasted with the more widely 
used term “instrumentation.” Being unable tc live 
up to these expectations, I shall make little use of 
either word, assuming only that in dealing with in- 
strumentology it is proper to stay close to the con- 
eept of quantitative measurement. 

We all do things we do not fully understand. Not 
every housewife who bakes a cake, even a highly 
successful cake, is well versed in organic chemistry 
and kinetic theory of gases. Nor do organic chemists 
themselves always understand their concoctions. Man 
has been measuring and controlling for a long time, 
and it is no derogatory reflection whatever on the 
usefulness of this activity to say that we still do not 
understand it as fully as we wish. Many good men 
have contributed toward a better general understand- 
ing of measurement and control—men such M. F. 
Behar (1), who has been closely identified with the 
applications, men who combine teaching and engi- 
neering, as does C. S. Draper (2), and men like the 
theoretical physicists Leo Szilard (3), John von 
Neumann (4), and David Bohm (5). In continuing to 
show today preoccupation with the task of reaching 
a better grasp of the fundamentals of the field, I wish 
to make forthright acknowledgment, first to those 


2 Presented at Gordon Research Ccnference, July 27, 1953. 
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who by their infinitely varied, down-to-earth practical 
activities make the field, and make it the fascinating 
subject for speculation which it is, and second, to 
those who have contributed to such broader, more 
theoretical insight as we already have. 

Measurement is an activity in which certain devices, 
instruments, are used. Let us look first at some of the 
terms reflecting (for example, in the Help Wanted 
columns) activities more or less closely related to 
measurement and control. Such activities are dis- 
played in Table 1 in relation to the information con- 
cept. For the moment, at least, the words “informa- 
tion” and “thought” are used with the understanding 
that everybody knows their meanings but nobody ean 
express these meanings in definitions. Since this has 
always been done with the word “time,” we have in 
a double sense a time-honored precedent. 

These activities are carried out both by human 
beings and by inanimate, or robot, devices. This has 
been emphasized by putting in the left-hand column 
terms characteristically applied to robot action and 
in the right-hand column terms characteristic of the 
human analogue. This kind of comparison between 
the human and robot analogues is of definite value in 
promoting understanding of both. 

Now the two words which occur throughout this 
table are “information” and “thought.” The close re- 
lation between the two can be illustrated by asking 
ourselves such a question as this: “Do we generate 
information when we get a new thought?” The ar- 
rangement in the table implies some difference be- 
tween thought and information, since information is 
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TABLE } 


Actrivirits RELATING INFORMATION 


(Robot analogue ) (Human analogue ) 

Activity Information Facility a Result 
Measurement Generated Instruments, senses Thought ingredients 
Control Used Control effectors, muscles Deeds (thoughts in action) 
Telemetering (communication) Transmitted Transmitters and receivers, Words (thoughts in motion) 

senses and muscles 

Recording Stored Memory Thoughts at rest 
Computing Converted Brain Thoughts 


shown as being generated in measurement and only 
“eonverted” (implying some kind of conservation 
law) in computing, whereas thoughts are generated 
in the “thinking process,” the human analogue of 
computing, and the results of sense perception are 
listed only as “thought-ingredients.” 

Since the information concept appears throughout 
Table 1, it seems reasonable to call the field represented 
by the complete table “information theory.” Now we 
may ask what other similarly broad terms mean in 
relation to this table. For example, quality control 
is a rapidly emerging field, already complete with 
professional society and professional journal. As | 
see it, quality control is just a special ease of control, 
in which the emphasis is on various features of some 
product of a process, rather than on a_ physical 
variable characteristic of the process itself. Precess 
control is the term usually applied to control of these 
variables. Together (and indeed with some degree of 
overlap) process control and quality control make up 
the total item listed in Table 1, which may therefore 
be more fully described as process-quality control. 

Operations research is another burgeoning field 
which seems related to our topic. As I understand it, 
operations research is the effort to apply to various 
purposeful human activities any relevant scientific 
knowledge, any useful mathematical techniques (no- 
tably, probability theory), and even common sense. 
So far as I am aware, operations research has as 
yet no clearly established structure of its own. 

To show something of the possible relations be- 


tween operations research and information theory, 
purpose 
Purposeful 
matter end result 
Activity 
energy 
matter 1 
energy output 
(product or 
quanti ty ) 
repose 


Measuring 
Ins truments 


1, Comparison of aperations research and control. 
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Fig. 1 compares a general picture of any purposeful 
activity and a diagram of the more special purposeful 
activity we call process-quality control. Now if the 
more general diagram accurately portrays the sub- 
ject matter of operations research, then control seems 
to be a subtopic of this discipline. Before accepting 
this conclusion, however, we should consider the dif- 
ference between the block diagram of an activity and 
the block diagram of a system. System implies more 
or less permanent structure, especially material strue- 
ture, typified by the aggregates of hardware con- 
stituting many physical systems. Activity implies 
function, interaction of matter and energy, with more 
emphasis gn change and less on static structure. By 
adopting the viewpoint of the quantum physicist, one 
ean say that system theory eventually dominates. For 
by sufficiently enlarging the definition of the system 
(in the limit, if necessary, to include the entire uni 
verse), any activity can be described in terms of 
possible states of the system and transitions between 
these states. 

For those like ourselves who are primarily con- 
cerned with aggregates of hardware, the viewpoint 
of system theory is more immediately useful. But 
before leaving the subjéct of operations research, we 
should notice the important role in it of processes of 
measurement and observation. The original military 
work on operations research was based very largely 
on observations of the actual effectiveness of various 
military devices. This observation in the field con- 
stituted a feedback link very similar to the measuring 
instruments in our control diagram. 

System theory might be called the theory of block 
diagrams, if we use the blocks primarily to represent 
more or less permanent physical aggregates, rather 
than functions or activities. As an example, in the 
block diagram of control in Fig. 1 each of the three 
blocks stands for a physically separate or separable 
aggregate of matter. As regards the general pattern 
of such diagrams, it is my opinion that the feedback 
pattern is not in any sense basic to the general theory 
of block diagrams i.e., to general system theory. The 
feedback pattern is just one pattern that may show 
on a block diagram. Its widespread occurrence in 
biological and physical systems gives it a great prac- 
tical importance, which should not however be con- 
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fused with logical importance. (For an opposite 
opinion, see Ashby [6]). On any block diagram the 
blocks represent minor systems, the lines represent 
interaction (fiow of matter or energy) between minor 
systems, and the total pattern of blocks and lines 
ean be regarded as a major system. Information 
theory is largely the theory of “lines between blocks.” 
Feedback theory becomes ofie subtopic under “pat- 
terns of interaction among systems.” 

The flow along the lines of a block diagram may 
represent flow of matter or of energy. The use of a 
line also to show the input of purpose may perhaps 
raise some questions. Whether or not “purpose” is a 
good generic word with which to label such things as 
set-point input to a controller, I have for the moment 
simply wished to emphasize what I consider to be the 
distinctive character of this type of input. 

We might try to characterize these flows in terms 
of three “dimensions” of mass, energy, and informa- 
tion, as suggested by the arrangement shown in Fig. 
2. Each of the examples of flow is actually three- 


Matter Energy Purpose 
Flow Flow Flow 
mes Sand Steam Bullets 
7 conveyor pipes 
Stean Electrical 
ner; 
pipes power lines A-boabs 
letter Telephone 
Information Propaganda 


Fic. 2. Dimensioning of flow lines. 


dimensional, since all involve some displacement of 
mass, of energy, and of information. The vertical 
position assigned is an indication of the principal 
dimension of each example. 

A further exercise in what may be called dimen- 
sioning of flow lines would be to consider four con- 
veyor lines in a plant, one carrying crude, unprocessed 
ore, another carrying highly purified graphite, a third 
carrying rough castings of a machine part, and the 
fourth carrying the same parts precisely finished. 
Here we have four lines of matter flow which might 
conceivably be identical in mass flow rate. What is 
carried by the graphite that is missing in the flow of 
ore? Chemical thermodynamics can furnish a tolerably 
complete answer in terms of energy and entropy, and 
negative entropy may be correlated with information 
(7). The difference between the finished and un- 
finished machine parts is more subtle. The problem 
is one of associating quantity of information with 
structure—a problem which has not been solved so 
far as I know, and which is worthy of further atten- 
tion and effort. It is basic to such types of measure- 
ment, for instance, as autoradiography (8). 

If we turn now from these broad considerations of 
the fields of information theory and system theory, 
we may look for a suitable point on which to concen- 
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trate more detailed scrutiny. I think it is the concept 
of measurement which should get the spotlight, since 
it is the central concept of instrumentology, and since 
in it information seems to originate. 

The verb “to measure” has two well-established 
meanings. I shall illustrate them by referring to a 
grocer waiting on a customer. The customer picks out 
a watermelon he wishes to buy, and since the grocer 
sells it by the pound the melon must be weighed. Such 
a process I shall refer to by the hyphenated term 
“measure-estimation,” since the purpose is to measure 
(in the sense of estimate) the unknown weight of the 
melon. Suppose next that the customer asks for five 
pounds of sugar, which the grocer keeps in bulk in a 
barrel. To meet this situation the grocer must meas- 
ure five pounds of sugar, using no doubt the same 
seales on which he weighed the melon. But this is a 
fundamentally different process, which I shall call 
measure-establishment, since this measuring is, in the 
sense of “measuring out” or “measuring off,” the es- 
tablishment of a known magnitude chosen a priori by 
the customer. 

Measure-estimation is what is now commonly called 
measurement, and measure-establishment is now com- 
monly called control. The sugar-weighing is the pro- 
totype of all our measured, controlled modification of 
structure, such as precision machine work; of our 
controlled modification of chemical composition, such 
as ore processing; of our controlled manipulation of 
various forms of energy, as in temperature control. 
Yet in the prototype examples of the grocery store 
the only significant difference between measure-esti- 
mation and measure-establishment seems to be that in 
one case the customer’s initiative was directed to an 
object’(a particular melon) and in the other case to 
a particular numerical quantity (five pounds). 

The results of the two weighings are the same in 
that in each case a certain magnitude is known, and, 
assuming the same scales and equally careful manipu- 
lation, known to the same accuracy. The a priori situa- 
tions, however, are different—the melon weight was 
unknown, the sugar weight was as definite before as 


pe) 


I,= log.p, (2) dz 


x 
pe 
1, = dx 
x 
Al=I1,-I, 
Fic. 3. Information generated in measurement. 
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after. In the sugar-weighing, something was done; 
but in the melon-weighing, something was learned. 
Now comes an essential question: how much was 
learned? how much information was generated? 

Norbert Wiener (9) proposes a method for quan- 
titatively specifying the amount of information gained 
in a measurement. His suggestion may be explained 
by reference to Fig. 3. Assuming a continuously varia- 
ble quantity x is being measured, the probability 
density estimated for x before the measurement is p,, 
and after the measurement one has a sharper distri- 
bution p,. Then the information gain is the difference 
of the two integrals J,-I,. There would be a corre- 
sponding definition for a discrete variable. Wiener’s 
suggestion seems perfectly workable, provided one can 
realize the two functions p, and p.. The a posteriori 
distribution p,, especially when based on more than 
one or two observations, can doubtless be taken as a 
normal distribution with specified mean and specified 
probable error. But the a priori function p, seems 
difficult to assess, especially when it must be based on 
only very scanty knowledge. One always has some 
a priori information, but it is seldom easy te put this 
estimate in quantitative form. 

Let us turn now from the process of measurement 
to the devices used—that is, to instruments. We are, 
of course, studying one problem, whether we phrase 
it as the study of the device as used in the process or 
the study of the process as carried out with the help 
of the device. The choice is one of perspective and 
emphasis. Looking especially at instruments with a 
view to classifying (10) and specifying them, one is 
confronted with some questions which are easy and 
others which are hard to answer. For example, I think 
it is easy to specify for most instruments the instru- 
ment’s class, that is, the variable it helps to measure; 
the instrument’s accuracy; its scale range; and its fre- 
quency range or its time constants. But there is an- 
other important quality of an instrument which in 
many cases can hardly be given a numerical value. 

This is the interaction of the instrument with the 
system on which it is used. I have designated this 
quality of an instrument, its efficiency (11). Figure 4 


measured 


quantity efficiency related to: 


property of size of sample 


matter change of sample changes in 

remainder 
form of energy interchange of universe 
energy with system 


Fic. 4. Factors in instrument efficiency. 


displays some of the factors entering into this concept. 
The two basic types of measured variables are shown 
as properties of matter, including chemical composi- 
tion along with the various mechanical, thermal, elec- 
trical, and optical properties; and energy components, 
such as force, temperature, or voltage. For property 
measurement an efficient instrument would require 
only a small sample of matter, and would not change 
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it appreciably (e.g., it would be a “non-destruciive” 
test). For energy component measurement, high in- 
strument efficiency would be reflected primarily in 
small energy interchange with the system on which the 
measurement is made—i.e:, to which the instrument 
is coupled. For both types of variables there are other, 
more peripheral considerations which seem to be re- 
lated to efficiency. In Fig. 4, these are designated 
“changes in the remainder of the universe.” Thus an 
instrument which required exorbitant auxiliary power, 
or one which emitted dense clouds of acrid smoke, or 
one which weighed several tons, would be in some 
sense inefficient. It is not clear what role, if any, 
should be assigned to these peripheral factors in our 
specification of efficiency. 

The most definite central portion of this ¢ ficiency 
concept is the interchanged energy. In this domain it 
seems reasonable to define efficiency as the ratio of 
reading to energy exchanged (see Fig. 5). For ex- 


voltage _ voltage 1 _ impedance ohms 
power current voltage voltage volt 
eurrent current _ admittance mhos 
power voltage eurrent™ eurrent ampere 
q _4q immittance 
power q* q 


Fic. 5. Efficiency of energy-measuring instruments. 


ample, a voltmeter’s efficiency would be a ratio of 
voltage to power. This corresponds to the customary 
specification of ohms per volt. The corresponding 
specification for an ammeter would be mhos per am- 
pere. In general, if an instrument measures an energy- 
component quantity q, efficiency would be the ratio 
of q to power, or if we define in each case a suitable 
immittance, of immittance to q. It would doubtless be 
wise to stick to the convention, observed with volt- 
meters, of using the full-seale reading as the defining 
value. 

Whatever may be the practical appeal of this usage, 
it has a fundamental logical importance in denoting 
the work done on the instrument, or the energy input. 
There is also work done by the instrument in making 
the information known. In many cases this work ap- 
pears in the rotation of a pointer against a torsional 
spring. The way in which this “output work,” as re- 
flected in sensitivity, may have to be compromised with 
“input work,” as reflected in efficiency, is illustrated in 
Fig. 6. Here we consider an ammeter of the moving- 
coil, permanent-magnet type which is carrying a cur- 
rent I sufficient to deflect it through the full-scale 
angle A. The deflecting torque is the product of this 


torque SA = Blal 
ue efficiency e=1/RI 

for narrow coil l=cR 

resultant equation Ae = 


Fic. 6. Compromise of sensitivity and efficiency in an elec- 
trical meter. 
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angle with the torsional spring stiffness S. The torque 
is also given as product of current with magnetic in- 
duction B, length of wire 1, and radius of coil a. The 
efficiency e, neglecting reactive impedance, is inversely 
proportional to coil resistance and to current. For a 
long narrow coil, the length of wire cutting the mag- 
netic lines is nearly equal to cR, where c is conductiv- 
ity multiplied by cross-section area of wire in the coil. 
Combination of these relatiens shows that full-scale 
angle and efficiency are inversely proportional to each 
other. In the proportionality constant, the factor a/S 
is directly related to the time constant of the move- 
ment, and hence to its accuracy in following changes. 
Thus we have here a simple illustration of the general 
situation, that accuracy, range, and efficiency are com- 
petitive factors of merit which must always be com- 
promised in any given design. 

In effecting this compromise in design, it would 
help to have a more definite picture of the relation of 
information output, reflected in range and accuracy, 
to the output work required by various methods of 
indication. During the past year I have been inter- 
ested, as part of an ONR-sponsored research (12), in 
comparing the common pointer-scale combination with 
other, indicating means. Though it does not seem pos- 
sible to summarize quantitatively the many factors, 
some objective, some subjective, entering into such a 
comparison, I must say that the pointer-scale method 
stands the comparison very well. 


My general thesis has been that the science of in- 
strumentology must be advanced by elarifying the ac- 
tivities and processes of measurement and control, 
both in their essence and in their relation to other 
activities and processes; and by clarifying and organ- 
izing our understanding of the devices used in these 
activities. The speeifie aspects of these two broad ob- 
jectives which I have touched upon are, of course, only 
a few of the many interesting questions calling for 
solution. 
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Into a New Century 


HE YEAR 1953 marks the one-hundredth 

anniversary of the Bausch & Lomb Optical 

Co. At this milestone the company’s pride in 

its achievements is tempered by the challenge 

of the future. To that future it dedicates its centen- 
nial. 

Among those who joined the exodus from Europe 

in 1849 was John Jacob Bausch, founder of the Bausch 


& Lomb Optical Co. Arriving in New York, he traveled — 


westward to Buffalo where he worked as a cook’s 
helper and carpenter for several months, then bor- 
rowed five dollars, and went to Rochester. There he 
eventually opened the little optical shop that was 
destined to become one of the world’s leading pro- 
ducers of optical glass, scientific instruments, and 
ophthalmic products. 

If John Jacob Bausch had not lost two fingers in a 
buzz saw accident in 1852, America might never have 
been the beneficiary of a company which revolution- 
ized the optical industry and provided some of the 
critically short materials and instruments necessary 
to win two world wars. After the accident, Bausch 
found it necessary to continue part-time work at his 
trade of woodturning for a year, but the real birth of 
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the world-renowned firm, 100 years ago at Rochester, 
ean be traced to that fateful event. It brought the 
young German immigrant into contact with a fellow 
immigrant, Henry Lomb, who had collected twenty- 
eight dollars for his friend to tide him over his con- 
valescence. When Bausch opened his first optical shop, 
in 1853, it was with the help of sixty dollars borrowed 
from this same friend. Bausch demonstrated his sin- 
cere appreciation by making Lomb a full partner in 
the struggling business that same year. In 1868, Lomb 
entered the Union Army and served as a captain in 
the 13th regiment, New York Volunteers. He sent 
home his soldier’s pay to keep the small business alive. 
Neither partner, during their long years of associa- 
tion, found it necessary to have a contract with the 
other—a notable example of faith and mutual trust. 

Like most other beginning enterprises, the young 
business was beset by many difficulties. The first real 
promise of success came with the development, by 
Bausch, of a spectacle frame made of hard rubber. 
The kitchen range in his home served as shop labora- 
tory for this first “plastic” eyewear. From this, the 
little shop became a successful manufacturing enter- 
prise. Previous to this development, the only plastic 
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frames available were constructed from horn, a mate- 
rial which was difficult to shape and which demon- 
strated a tendency to split. Experiments proved the 
hard rubber to be superior in many respects to the 
horn, but, more important, it readily lent itself to 
mass production. Spectacles could now be made in 
quantity and at a reduced cost. 

For sixty-nine years, Edward and William, the two 
sons of J. J. Bausch worked together in the company 
until their deaths in 1944. Edward Bausch, trained at 
Cornell University, foresaw the need of science for 
more microscopes. In 1874, when only fifty such in- 
struments existed in the United States, he set about 
to develop mass-production machine methods for their 
manufacture. Such methods, in his lifetime, made 
microscopes available at moderate cost to laboratories 
and schools throughout the world—a contribution of 
untold value to scientific and technological progress. 
William Bausch was a pioneer in the production of 
optical glass in America. His earlier successful ex- 
periments became of prime importance at the outbreak 
of World War I, when with the help of the Geophysi- 
cal Laboratories of the Carnegie Institution, Bausch 
& Lomb served as the principal source for optical 
glass, freeing America from dependence on foreign 
sources for this critical material. 


Fic. 1. New processes have been devised and installed for 
making glass at Bausch & Lomb Optical Company’s glass 
plant which was started in 1913 and was the principal source 
of supply for the United States during World Wars I and 
II. Here a glass technician takes a temperature reading of 
molten, white-hot glass in one section of the huge plant 
located along the Genesee River bank. 


In 1861, Bausch & Lomb further advanced the pos- 
sibility of better vision by introducing power lens- 
grinding machinery into the United States. The former 
laborious manual operation was thus eliminated, and 
the cost of spectacles was reduced to an even greater 
extent than it had been by the advent of hard rubber 
frames, 

It is a far ery from J. J. Bausch’s first little shop in 
the Reynolds Arcade to the modern organization and 
its global affiliation. Besides the main plant in Roches- 
ter, totaling 1,500,000 square feet of floor space, there 
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Fic. 2. Approximately 22 hours are needed to complete the 
melt under accurate control of all furnace conditions. This 
includes 7-8 hours for the melting process, 7-8 hours for the 
fining process whereby bubbles are removed and the liquid 
stirred, and 6—7 hours to cool the molten glass slowly to a 
temperature suitable for rolling. Here the molten glass, like 
a giant pot of taffy, is to be poured on a cast-iron table for 
rolling into a sheet. 


are four other factories in the United States, Canada, 
and Brazil. Sales outlets include more than 170 branch 
offices in this country and abroad, and personnel now 
number over 8000. 

Another kind of growth, however, is in the com- 
pany’s concepts of its primary purpose. Simply stated, 
that purpose today is to make all products that best 
serve the optical and visual needs of mankind. This 
calls for an enlarged engineering staff for research and 
product design, modern manufacturing facilities for 
efficient quality production, and progressive practices 
in all other phases of modern management. 

Nothing is more important to the manufacturer of 
optical instruments and ophthalmic products than op- 
tical glass, for the performance of any optical part 
depends on the properties and qualities of the glass 
from which it is made. Optical glass is as different 
from ordinary glass as the steel in a fine watch spring 
differs from that in a tenpenny nail. A fundamental 
requirement of optical glass is homogeneity. Even a 
slight departure from a high degree of uniformity in 
composition is intolerable because of the effect on the 
performance of the finished instrument. It must have 
definite refractive indices for different wavelengths 
and accurate dispersion ratios. It must be free from 
color, striae, bubbles, inclusions, and cloudiness. 

For decades, the Bausch & Lomb Glass Plant has 
been devoted exclusively to the production of optical 
glass, a manufacturing operation of considerable pro- 
portion. Here, in the year just passed, 2,500,000 
pounds of sand, along with sixty other ingredients, 
went into the manufacture of 3,500,000 pounds of 
glass, of 120 distinct types. This glass produced 22,- 
500,000 pressings and required 468,000,000 cubic feet 
of gas. 

Foreign labor rates still make it possible to purchase 
optical glass abroad more cheaply than it can be made 
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here, but the Bausch & Lomb Glass Plant has been 
continuously maintained since World War I because 
of the technological advantages which its existence 
affords the United States. Continuous quality control, 
from sand tv finished product, is an asset of inestima- 
ble value. 


Fic. 3. Before reaching the finished state, a lens must 
undergo many hours of grinding and polishing. 


Approximately 120 different types of optical and 
ophthalmic glass are manufactured. Among these are 
many types pioneered by the company to keep pace 
with, and in several cases to anticipate, the new scien- 
tifie developments in many different fields. As the de- 
mand for larger lenses in certain applications devel- 
oped, revolutionary new methods were formulated for 
making a glass of the particularly high quality neces- 


sary in the manufacture of such lenses. The company’s . 


chemists assisted U.S. Navy scientists in developing a 
supersensitive type of glass that can detect the pres- 
ence of atomic energy. After exposure to high-energy 
radiation, this dosimeter glass remains unchanged in 
appearance under ordinary light, but reveals the ex- 
tent of exposure by the amount of orange fluorescence 
it emits under ultraviolet rays. 

Design of product is a responsibility of the Research 
and Engineering Division. On its staff of 300 are many 
scientists and technicians engaged in original research 
—optiecal, electronic, chemical. Their specialized knowl- 
edge embraces all scientific fields served by the com- 
pany. 

New colors for use in Ray Ban sun glasses and 
filters have been developed. Revolutionary new types 
of glass for safety eyewear have been produced. From 
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F16. 4. Over 400 operations are needed in the manufacture 
of frames and mountings. Shown here are a few steps in the 
manufacture of gold-filled wire. Sheets of 12-carat gold are 
blanked into disks, drawn into cups, then into cylinders. 
Cores of base metal, wrapped with thin sheets of solder, are 
inserted in cylinders and bonded under high temperature. 
Cylinders are reduced in diameter by being drawn to desired 
size. Wire is then ready for use in manufacturing. 


the very outset, Bausch & Lomb has been particularly 
concerned with the manufacture and constant improve- 
ment of ophthalmie eyewear. Early in the twentieth 
century, members of the firm suggested to Dr. Moritz 
von Rohr, of Jena, the development of a scientifically 
correct series of such eyewear. Von Rohr set himself 
the task of developing a series that would embody the 
advantages of all existing types and that would re- 
move their limitations. He followed the work of Wol- 
lastow and Ostwalt, making no claim to the invention 
of astigmatically corrected lenses in the spherical pow- 
ers, but devoting his investigations to compound lenses 
that employed toric surfaces. He made thousands of 
computations of spherocylindrical combinations over 
the entire range of powers to determine the exact. for- 
mulas for compound lenses that would give the re- 
quired powers in the two meridians, and at the same 
time give equally distinct vision from center to margin. 
He announced his results in 1911, and in 1914 Bausch 
& Lomb introduced Punktals to the American market. 
Thus it continued von Rohr’s work by adding eighth 
and quarter diopter intervals wherever necessary, by 
recomputing the lenses with reduced center thickness, 
and by later making Punktal Kryptoks and Punktal 
Ultex. The attributes of the Punktal received even 
wider recognition with the introduction of the Bausch 
& Lomb Orthogon series, which employs group curves, 
each lens within a group being made with the same 
base curve and the entire series employing as many 
base or group curves as the requirements of marginal 
correction demand. 

For years scientists sought some way of removing 
the visible dividing line in cemented bifocals. The in- 
troduction of fused bifocals remedied this defect; but 
objectionable color fringes, due to the nature of the 
glass in the segment, still marred their perfection. In- 
tensive experiments in the glass plant of Bausch & 
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Lomb finally produced a new type of dense barium 
crown glass having the high refractive index of flint 
glass and the low color dispersion of ophthalmic crown 
glass. At the same time, its coefficients of expansion 
and contraction, its melting point, and its other physi- 
eal properties were suitable for perfect fusing. The 
result was the famous Nokrome lens, a bifocal without 
noticeable color or dividing line. In the fall of ‘1930 
the successful development of the Hammon patent 
was achieved. This was the ingenious and justly cele- 
brated Panoptik. It was the first fused bifocal in 
which a reading segment, with or without prism, of 
any desired shape or size could be incorporated. 

In the design and construction of ophthalmic in- 
struments, Bausch & Lomb has been identified with the 
foremost authorities of Europe and America since 
1890. In this country, the company proposed the new 
system of lens measuring known as vertex refraction 
and supplied the vertex dioptrometer for this pur- 
pose. In order to insure correct focus, the vertex re- 
fraction system of numbering lenses was introduced, 
so that any two lenses of the same vertex refraction 
would give precisely the same correcting effect, re- 
gardless of their shape. 

The blind spot of the eye has been studied for 
years, since its discovery by Mariotte in 1668. Much 
more recently, in this country, Dr. Ralph I. Lloyd 
had given it considerable attention, using hand stereo- 
scopes. Not satisfied with his own progress in this 
direction, he appealed to Dr. Max Poser of Bausch 
& Lomb for a stereoscope which would give a field 
ten degrees above, below, and internally, twenty-five 
degrees externally, and free from color faults. The 
instrument must give this field without increasing the 
lens or prism strength. Lloyd gave this report on the 
result: “He [Poser] supplied an instrument with a 
field far surpassing our hopes. It covered the usual 
field internally, 30° above and below, and 40° ex- 
ternally.” This instrument, known as the Lloyd’s 
Stereo Campimeter, combined the advantages of 
binocular fixation and the tangent screen. 

The early success of Bausch & Lomb with the bi- 
nocular corneal microscope was due to a broad under- 
standing of microscope optics and the application of 
this science to the study of the eye. Previously, it had 
been difficult, with monocular vision, to locate slight 
defects or injuries to the cornea. This deficiency was 
corrected with binocular vision in which the largest 
possible field was obtained with a marked stereoscopic 
effect. 

The company also had the privilege of working 
with Professor Allvar Gullstraud of Upsala, Sweden, 
on the ophthalmoscope, and later of perfecting an 
instrument in which the macular area and the optic 
disk appear in the same field at the same time. The 
field of view is approximately four times that of the 
hand ophthalmoscope. In the objective measurement 
of corneal curvatures, the Keratometer offers the 
easiest and most accurate method known. Its coin- 
cidence system of focusing, a Bausch & Lomb feature, 
speeds prompt and accurate location of the axis. 


468 


Always alert to the requirements of the optical 
profession, authorities in the ophthalmic field have 
been encouraged in their search for new or improved 
instruments. From this collaboration have come such 
instruments as the perimeter and projector devised 
by Doctors Ferree and Rand of the Wilmer Institute, 
the Clason visual acuity meter, Green’s refractor, and 
the Universal and Poser slit lamps. 

Probably no single instrument has contributed as 
much to scientific progress as the microscope. In 1876 
there were less than 100 microscopes in the United 
States. Largely through an improvement in production 
methods microscopes were made available at modest 
cost to universities and laboratories. Since that time 
Bausch & Lomb scientists and technicians have pio- 
neered in the development of more efficient micro- 
seopes of all types. The ball-bearing microscope, the 
variable-foecus condenser, the prefocusing gage, and 
many other new developments, have been introduced. 

In our present-day world, spectrography is widely 
used for the rapid identification and quantitative 
measurement of substances, both known and unknown. 
Spectrographie analysis has become indispensable to 
science and industry. Bausch & Lomb can take par- 
ticular pride in the role it has played in bringing to 
the attention of scientists all over the world the 
advantages offered by the spectrographic method. 

In 1953 the company demonstrated, for the first 
time, a spectrograph that is the culmination of its 
efforts to date to provide the best tools’ in the spec- 
trographie field, the Littrow-echelle spectrograph. 
The new concept employed in this instrument deals 
with the properties of a new optical element known 
as an echelle, first conceived by Dr. George R. Har- 
rison, Dean of Science at the Massachusetts Institute 
of Technology and special consultant to Bausch & 
Lomb. As used in the new instrument, an echelle is 
an inch-thick, optically flat glass plate three by five 
inches, in which grooves have been precisely ground, 
200 to the inch. The first, and only echelles ever made 
have been produced since 1949 by Bausch & Lomb. 
Like the diffraction grating, the echelle disperses light 
into a spectrum; but its dispersion is considerably 
greater, thus permitting the distinguishing of spectral 
lines as separate even when they are only a fraction 
of an angstrom apart. It makes possible the design 
of high dispersion spectrographs with focal lengths 
only one-ninth (or less) of those previously possible 
with grating spectrographs. Assuming a 200-groove- 
per-ineh echelle and a 15,000 groove-per-inch grating 
(in the second order), the theoretical resolving power 
at 5000 A for six inches of ruled width would be 
180,000 for the grating and 537,000 for the echelle. 
In addition, the echelle, in combination with a prism 
or grating, produces a two-dimensional spectrum, as 
contrasted to the one-dimensional spectrum produced 
by the grating or prism alone. Thus, research scien- 
tists are able to gain more quickly far more complete 
information about the substance being studied, and 
to gain it from a fewer number of photographic plates. 

Most people who have some lay knowledge of 
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gratings are impressed by the number of parallel 
lines cut into the aluminum film with which gratings 
are coated. A grating recently produced in the Bausch 
& Lomb Grating Laboratory for the University of 
California’s Los Alamos atomic laboratory was ruled 
30,800 grooves to the inch—an impressive number, 
statistically, but it tells only part of the story. Of 
equal importance is the manufacturer’s ability to 
shape the grooves so that they are always parallel 
and reflect light in a specified direction. This is called 
blazing. Its accuracy depends on the precision of the 
grating engine, the patience and care shown by the 
operator in adjusting the ruling diamond, complete 
freedom from vibration and from temperature and 
humidity changes during manufacturing, and a store- 
house of technical information and know-how. The 
success of a grating depends then, not only upon the 
number of grooves but also upon the nature of the 
grooves. The manufacturing process used in the mak- 
ing of gratings has been brought to a level of pre- 
cision and accuracy that makes them among the 
world’s finest. 

In 1935 Bausch & Lomb entered the photogram- 
metric field by developing a line of photographie in- 
struments for military engineers. These first instru- 
ments were designed around a narrow angle lens 
(67°), but within a short time the Metrogon lens 
was developed with an angle of 93°. Seon there was 
a demand to design multiplex equipment for this lens. 
Today it is still regarded as one of the finest lenses 
for this purpose in the world and is used universally. 

Not satisfied, the company has recently developed 
the Cartogon lens, which will reduce distortion by as 
much as 10 per cent over that of the Metrogon lens. 
It has also developed the auto focus rectifier to meet 
the high volume needs of the government services and 
commercial concerns in the rectification of tilted 
aerial photographs. This instrument embodies a mech- 
anism that allows a layman with little training to 
rectify photographs quickly, without the need for 
complicated computations. It is the only instrument 
of its type produced in the United States. 

At present, Bausch & Lomb is building Twinplex 


Plotters for the U.S. Geological Survey Service. The. 


development of this instrument will make possible 
the use of convergent photography and thus con- 
siderably reduce the time necessary to complete the 
task, now in progress, of mapping the United States. 

More of the world is being mapped with the use of 
this company’s photogrammetric equipment than with 
any other. As one of the pioneers in this field its 
research laboratories are constantly seeking to de- 
velop new equipment that will make the task of map- 
ping increasingly simple and more accurate. 


Far from being a recent development, the prin- 
ciple of evaporating thin metal films on glass surfaces 
dates back to the close of the nineteenth century when 
Thomas A. Edison took out a patent on the process. 
In 1892, H. Dennis Taylor, a celebrated lens de- 
signer, found that certain types of photographic 
lenses were faster after their surfaces had been 
tarnished by age, a fact which suggested to him that 
it might be possible to devise a process by which the 
same effect could be produced artificially. From these 
beginnings, thin film technology has matured to a 
position of scientific importance. Today’s thin films 
are possible only because of the improvements made 
in techniques and apparatus during the last twelve or 
thirteen years. 

In 1940, when the new Technicolor movie Gone 
With the Wind was first shown, the prints were found 
to be too dark. Some means had to be provided for 
throwing additional light on the screen. The solution 
was reached with Baleoted Bausch & Lomb Super- 
Cinephor projection lenses. From this point on, 
Bausch & Lomb assumed a leading position in the 
field of lens coatings. A few of the major develop- 
ments since 1940 have been the anti-vignetting filter 
for wide-angle lenses, the introduction of Ray-Ban 
gradient density sun glasses, the interference and 
interference wedge filters, heat-reflecting filters, and 
a long list of many others. Research in this direction 
continues at a rapid pace under the direction of Dr. 
A. F. Tarner, a world-wide authority on lens coatings. 

The success of the newest cinematographic process, 
known as Cinemascope, depends in the main on the 
anamorphic lenses, first invented by Dr. Henri 
Chrétien of Paris, and improved by Bausch & Lomb, 
the sgle manufacturer of such lenses in this country. 

Cinematography, television, astronomy, photog- 
raphy, illustrated magazines, and newspapers re- 
quire the use of optical systems or processes. The 
school teacher with a microprojector, the food pro- 
cessor with the refractometer, the forest ranger with 
a binocular, the master machinist with the contour- 
measuring projector, the sportsman with a telescopic 
hunting sight, each reflects one small facet of optical 
science at work in our modern society. With its tradi- 
tion of integrity, resoursefulness, and perseverance, 
Bausch & Lomb, can justifiably be proud of the part 
it has played in supplying them with the finest of 
optical tools. 

These are but a few of the accomplishments of the 
past century. More will come as the shaping of new 
scientific projects is translated into optical needs. 
New and better manufacturing methods are in the 
course of development. The past is an inspiration for 
the future, a future that is viewed with hope and 
confidence. 
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HE UNWARY READER, seeing the combi- 
nation of the words “interferometry” and 
“electron,” may wonder about its significance. 
It is used here in the same way as in “electron 

optics” and its various branches such as electron mi- 

croscopy. Thus electron interferometry means the use 

of electrons in place of light in interferometric 
systems. 

For the past twenty-five years, many efforts have 
been made to build up a new discipline called electron 
optics, starting with the establishment of analogies 
between this and the geometrical optics of light. Many 
of the old and well-known effects have been catalogued 
and their places among the newer ones established. 
With the building up of this truly impressive edifice 
came increased insight into the operation of some older 
devices and at the same time the design of new and 
unexpected instruments.* 

It is somewhat surprising that, although the geo- 
metrical analogue was emphasized, little effort was 
made to build up the physical optics of the electron, 
Some signs pointed in that direction. After all, even 
the resolving power of the electron microscope cannot 
be adequately explained without considerations of the 
wave nature of the electron. Also, the time came when 
it was necessary to work out the wave theory of aber- 
rations in close analogy to light optics. However, the 
efforts were restricted to the wave-mechanical ap- 
proach to geometrical optics and any efforts to build 
up the systematics of physical electron optics were still 
lacking. 

I believe that the time has come when a systematic 
approach to physical electron optics is a necessity. 
Physical optics can be defined, in close analogy to 
light optics, as that branch of optics where the wave 
concept is essential and where the ray epproximation 
becomes insufficient. In that sense physical electron 
opties encompasses phenomena of electron diffraction, 
electron interferences, electron scattering, and electron 
polarization. There may be other phenomena belong- 
ing in this category, but these four important sub- 
groups constitute the bulk of what may properly be 
defined as physical electron optics. Electron optics as 
defined above is the physics of beams of free electrons; 
it is analogous to light optics, the physies of beams of 
photons. 

The different branches of physical electron optics 
enumerated above have received varying degrees of 
attention in past years. The first to be known and 

1 Good reading material on the subject of geometrical elec- 
tron optics is contained in the books of W. Glaser, HZlektron- 
enoptik, Springer, Vienna, 1952; O. Klemperer, Electron 


Optics, Cambridge University Press, 1953: V. E. Cosslett, 
Electron Optica, Oxford Unviersity Press, 1950. 
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Electron Interferometry 
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studied was electron scattering, although at the begin- 
ning the study was entirely phenomenological. Since 
the advent of quantum mechanies, electron scattering 
has emerged from that primitive stage and today quite 
an amount of knowledge, both experimental and theo- 
retical, has been accumulated on that subject. 

Next was the discovery of electron diffraction, which 
for all practical purposes was contemporary with the 
advent of wave mechanics. This has since become a 
powerful tool for the exploration and determination 
of the structure of solids. 

Electron polarization is rather little known. There 
have been definite attempts undertaken ‘to observe 
polarized electron beams, but efforts have been rather 
fragmentary. 

I have left the discussion of electron interferences 
to the last because their study is just beginning. This 
does not mean that electron interferences have not 
been observed in the past; ever since electron diffrac- 
tion has been observed, we have seen electron interfer- 
ence phenomena. It may be said that we cannot have 
electron diffraction without electron interferences, but 
for all practical purposes we can have electron inter- 
ferences without electron diffraction. The same is true 
for light, of course, where observation of diffraction 
is almost invariably accompanied by interference phe- 
nomena. Thus, electron interferences, while historically 
far from new, did not play a serious role in the physies 
of the free electron until quite recently. 

A little over two years ago, Uyeda and collaborators 
(1) deseribed a new type of effect which was observed 
in certain electron micrographs of graphite flakes. This 
consisted of equidistant dark bands running across the 
electron microscope image, which have been inter- 
preted as interference fringes produced by the wedge- 
shaped flaking off of the lamellar erystals. In a re- 
cent paper, Rang (2) describes a different type of 
electron-interference phenomenon. It is seen when 
blisters produced in a thin layer of lead iodide are ob- 
served with an electron microscope. Because the front 
and back walls of the blister act as interferometer 
plates, interference fringes are observed across the 
image. To use a somewhat crude analogy, we may 
compare the observation of these two kinds of phe- 
nomenon to two distinct steps in the light-optical ob- 
servation of interferences. The first observation of 
light interference phenomena was probably on oil 
slicks or other thin layers accidentally produced by 
nature. The next step was man-made surfaces put to- 
gether to imitate some of these colorful phenomena, 
and thus were Newton’s rings born. I should like to 
compare Uyeda’s beautiful observation to the colored 
fringes found on oil slicks; and since Rang’s experi- 
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ment presents a more purposeful production of inter- 
ferences, it may be compared to Newton’s rings. 

The decisive step in light optics was made by Young 
who finally established the wave theory of light, origi- 
nally formulated by Huygens in 1678. Young created, 
about 1800, a system in which interferences can be 
produced at will and manipulated for measuring pur- 
poses, and from his experiments were derived all the 
modern light interferometers The development of elee- 
tron optics was not nearly as drawn-out as that of 
light opties. The conception of a workable electron 
interferometer (3) predates the publication of Uyeda’s 
paper and the first definite results by means of such 
an instrument (4) were published almost simultane- 
ously with Rang’s paper.” 

In the preceding considerations, I have freely used 
the analogy of light opties, not only because our con- 
cepts were based on such analogies, but also because 
their use conjures up images that make the under- 
standing of the steps and of the phenomena much 
easier. This applies even more when we come to a dis- 
cussion of the possibilities of electron interferometry 
and the means of realizing them. As in light optics, 
there exist essentially two distinct methods for the 
production of an interferometric measuring system. 
One is derived directly from Young’s experiment. If 
a double slit is illuminated by coherent light issuing 
from a small source and if means for reuniting the 
two “rays,” say in the shape of a lens, are provided, 
interference fringes can be observed in the image plane 
by such a lens. Many variants of this principle have 
been worked out and, in particular, the Rayleigh inter- 
ference refractometer was derived from this principle. 
Its essential feature is that a spherical or cylindrical 
wave front, issuing from the point-like or line-shaped 
source, is split by means of a double slit into two 
separate narrow beams. The limitations of this kind 
of system are best indicated by the common name of 
the instrument, narrow-beam interferometer. 

More commonly used are instruments known as wide- 
beam interferometers, the best known example of 
which is Michelson’s interferometer. In this device an 
essentially parallel beam of light is split in two equal 
parts by means of a semitransparent mirror, and 
other mirrors (both semitransparent and fully re- 
flecting) are used for bringing the two halves of the 
beam together again. The really distinctive feature of 
this kind of instrument is that the amplitude of the 
wave is split instead of the wave front. The advantages 
are well known. Tt is an instrument with a wide field 
of view and an enormously enhanced intensity, as 
compared with the narrow-beam instrument where 
many of the dimensions are very critical. 

In attempting to build an electron interferometer, 
we first discarded any idea of using amplitude split- 
ting—electron optics does not possess any true-re- 
flecting and much less any semireflecting mirrors. In 


2Work on the electron interferometer at the National 
Bureau of Standards is part of a cooperative program of 
basic instrumentation research and development sponsored 
by the Office of Naval Research, the Air Research and De- 
velopment Command, and the Atomic Energy Commission. 
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the absence of any such optical elements, our thinking 
gravitated toward an imitation of Young’s experi- 
ment, or perhaps of Rayleigh’s instrument. Unfortu- 
nately, conditions for such an experiment are ex- 
tremely unfavorable. 

Without saying at this point whether a sealing down 
of the light-optical consideration is justified, let us 
assume that we could calculate all the dimensions of 
such an experiment from a light optical model, substi- 
tuting the short wavelength of the electron. The result 
of such ecaleulation, or estimate of dimensions, is 
simply horrifying. For an electron wavelength of let 
us say 0.05 angstrom unit (which is a reasonable value 
for electron optical experiments) the slit dimensions 
would be somewhere between 10 and 100 angstrom 
units. The separation of the two slits would be about 
10 times the slit width itself. To illuminate that double- 
slit system, we should need an electron source of about 
the same dimensions as the slit width. Under the as- 
sumed conditions, the experiment would yield fringes 
with a spacing of roughly 100 angstrom units. 

Even assuming that we could create slits of this 
minute width and spacing, we still should not have 
solved the problem of the slit illumination. It has been 
demonstrated, however, by Gabor (5) that the reduced 
image of an electron source of reasonable physical 
dimensions could be used for illuminating such a 
system; and we may therefore assume that we could 
illuminate the slits by using an inverted electron micro- 
scope and operating our interferometer system by 
using a virtual instead of a real source. The next 
problem would be the viewing of fringes with 100- 
angstrom spacing. Obviously, we should have to use 
another electron microscope to make them visible. 
Therefore, an experiment such as this would consist 
of an instrument comprising two electron microscopes 
arranged head-on and a slit system between them that 
we do not yet know how to make. To my knowledge 
no one has yet had the courage to attempt this com- 
plicated instrumentation. 

Having ascertained that the wave-front splitting 
system appeared to be impractical, we had to look for 
an amplitude-splitting system as the real solution. The 
mental block to the building of such a system is created 
by the high efficiency of the light-optical beam split- 
ters. We had thought only of looking for something as 
efficient as a semisilvered mirror and neglected to look 
for less efficient systems. By abandoning the limita- 
tion of equal intensities of the two beams issuing from 
the beam splitter, we were able to look around for 
other beam splitters. The following description of a 
practical electron interferometer uses such a beam 
splitter; it is not very efficient in terms of a semi- 
transparent mirror but is highly useful for electrons. 
I refer to the application of diffraction as a beam- 
splitting mechanism and its consistent use in an inter- 
ferometrical system. 

To describe an electron interferometer, let us look 
first at its light-optical counterpart. When a beam of 
light is sent through a transparent diffraction grating, 
part of the beam is transmitted and part of it is dif- 
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Fic. 1. Schematic representation of rays passing through 
three gratings (or crystals). Courtesy of The Physical Re- 
view. 


fracted. Figure 1 shows only the first order diffraction 
and neglects any higher orders. By placing a second 
transparent diffraction grating at a certain distance 
parallel to the first one, it ean be seen that the trans- 
mitted beam is again broken up into transmitted and 
diffracted components. The same applies to the beam 
diffracted by the first grating; this will be diffracted 
again on the second grating. At a distance from the 
second grating that is equal to the distance of the 
second from the first grating, a twice-diffracted beam 
meets up with a once-diffracted one. In placing at 
that point a third grating parallel to the first and 
second ones, and by placing convenient apertures, we 
ean bring together, as shown in Fig. 2, two beams 
that have been diffracted twice. 

Translating such a system into the language of 
electron optics is relatively simple, in principle. All 
we have to do is use electron beams instead of light 
beams and thin lamellar crystals instead of diffrac- 
tion gratings. 

The idea of using diffraction as a beam-splitting 
element is less revolutionary than it seems at first. 
When originally thinking of that system, I could not 
find anyone who knew of its light-optical counterpart. 
It is rather amusing, however, to report that this 
principle has been used more than 40 years ago in 
light opties by Carl Barus (6), who reported on it in 
several volumes published by the Carnegie Institution 
of Washington. For reasons that are not quite clear, 
none of the optical textbooks and treatises refer to 
the work of Barus, and I should like to use this op- 
portunity to pay him belated homage. 

In addition to the one described above, many other 
arrangements can be made to satisfy the conditions of 
interferometry. These include arrangements of crystals 
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plus other electron optical elements or other electron 
optical elements alone. Some of these arrangements 
are more critical in that they require greater accuracy 
in the making or aligning of the optical element. It 
would take up too much space to diseuss here the ad- 
vantages and disadvantages of several interferometric 
combinations. The arrangement illustrated in Figs. 1 
and 2 is the one proved most advantageous for the first 
experiment carried out at the National Bureau of 
Standards; a few more words about the details should 
be included here.* 


CAO 


Y 


Fic. 2. Rays as limited by apertures. Courtesy of The Phys- 
ical Review. 


The thin crystals used for carrying out the experi- 
ment are metallic foils of about 100 angstrom units 
thickness, which have been grown on the cleavage face 
of a rock-salt crystal. If a thin layer of metal is de- 
posited on such a rock-salt surface, which is heated 
to a selected temperature, complete alignment of the 
atoms within the metal layer, forming a single crystal, 
ean be observed. For details of this process, known as 
epitaxy, reference is made to the literature (7). Good 


® Let us investigate briefly the implications of this experi- 
ment from the point of view of the feasibility of an x-ray 
interferometer. It appears that such an instrument could be 
built, although the experiment may be a rather difficult one 
to carry out. Beam splitting, using diffraction or other opti- 
cal phenomena, seems to be just as easy to achieve as for 
electrons. The difficulty will arise in aligning the optical ele- 
ments and in observing the fringes. Present x-ray optics, 
using curved surfaces at grazing incidence (P. Kirkpatrick, 
Nature, 166, 251 [1950]), can resolve distances of the order 
of 10“ cm. A rather good alignment is needed to produce 
fringes of that spacing. This is where the greater resolving 
power of electron optics has proved of great value; we did 
not need the perfect alignment to observe fringes. 

The various difficulties mentioned here should not discour- 
age would-be investigators. There are at least two good rea- 
sons for undertaking this experiment. One is to check the 
absolute values of x-ray wavelengths. The other is to meas- 
ure the length of the wavepacket for x-rays. On this last 
subject there exist some theoretical predictions which, to my 
knowledge, have never been submitted to experimental verifi- 
cation. (See, for instance, W. Kossel’s paper in: C. Ramsauer, 
Das freie Hlektron in Physik und Technik, p. 130, Berlin: 
Springer, 1940.) Such an experiment thus could contribute 
considerably to our knowledge of radiations. 
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single crystals of different metals, such as gold, silver, 
copper, nickel, and others, can be produced in this 
manner and are useful beam splitters for the electron 
interferometer. 

For the practical achievement of the electron in- 
terferometry experiment, a modified electron micro- 
scope can be used. The electron microscope comprises 
optical elements that are needed for any successful 
interferometry work, that is, it has a beam-generating 
system, a beam-collimating system, and an electron 
optical system for the purpose of viewing the fringes. 
The experiment is thus carried out by replacing the 
object chamber of the conventional electron micro- 
seope with an interferometer chamber. 

The first experiments, which confirmed the feasi- 
bility of the interferometer, had to be carried out 
entirely by means of photographie observation because 
the total available beam intensity was too low for 
visual alignment of the instrument by means of a 
fluorescent screen. This was, to put it mildly, tedious 
work; but, finally, proof is on hand that interference 
fringes that can be manipulated at will by changing 
the instrument parameters can be produced by means 
of electrons. 

An interesting property of this interferometer is 
that it is achromatic. This means that its light-optical 
analogue produces fringes in white light and no mono- 
chromatic light source is required for its operation. 
This is because diffraction deflects the different wave- 
lengths by different amounts and thus the instrument, 
so to say, has its own built-in monochromator. To be 
quite frank, this property was not recognized at the 
time the instrument was conceived. Later on, however, 
it proved quite advantageous during the experiments 
to find that the requirements on wavelength constancy 
(i.e., stability of the high-voltage power supply) were 
very much relaxed. This was one good reason for push- 
ing the experiments with the three erystal arrange- 
ments (shown in Figs. 1 and 2) and putting in the 
background the search for other nonachromatie in- 
struments. 

The question invariably arises, what is this experi- 
ment good for? 

There are a certain number of applications of the 
instrument in close analogy to the light interferometer. 
For instance, it could be used in extending the range 
of the light instrument in measuring shorter distances 
than were previously feasible. It should be well under- 
stood that this does not mean that it may supplant the 
light interferometer, for the upper limit of its operat- 
ing range will be lower than that of its predecessor. 
It is a situation somewhat similar to that of the light 
microscope and the electron microscope. The two are 
complementary and not competitive. There exist other 
applications, such as the measurement of very weak 
field gradients, determination of Planck’s constant, and 
interference spectroscopy, but the application that T 
want to diseuss a little more in detail here is the im- 
provement of our fundamental knowledge of the 
electron itself. 

In all the description up to now T have avoided 
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reference to the electron as a particle. Now, in order 
to state in what manner the interferometer can con- 
tribute to a better knowledge of the nature of the elee- 
tron, I can no longer avoid referring to the old parti- 
cle-wave concept. Let us start out by stating again that 
the building up of the electron interferometer was 
based entirely on a light-optical analogy. That means 
that all the design parameters were calculated by 
sealing down from a light-optical model by substitut- 
ing the shorter wavelength of the electron for the light 
wavelength, the lattice constant of the crystals for the 
grating constant, and the electron diffraction angle for 
the light diffraction angle. The properties of the instru- 
ment including such features as the fringe spacing and 
the variation of that spacing with mechanical changes 
could then be calculated. The final observations showed 
surprisingly good agreement with this rather simple- 
minded model. In other words, not only does the elee- 
tron behave like a wave, but in some respects this wave- 
like behavior exceeds our expectations. 

To explain this last sentence I have to add that, 
although in principle the interference phenomena de- 
seribed here could be calculated on a straight quantum 
mechanical basis, to my knowledge no attempts have 
been made up to now in that direction. The difficulties 
of such a calculation are considerable, one of the eom- 
plications being due to the dispersive nature of the 
medium in which the electrons propagate. Here again 
I need an added explanation: by dispersive it is meant 
that different wavelengths travel with different ve- 
locities. If we compare this behavior of electrons with 
that of light there is a marked difference. In the case of 
light, all wavelengths travel in vacuum with the same 
velocity. This is not true for material media, but gases, 
for instance, are so little dispersive that in caleulating 
normal light optical instruments the contribution of 
air within the system ean usually be neglected. No such 
simplification ean be afforded for electron optical 
systems because even vacuum in absence of any fields 
is a dispersive medium for electrons. This means that 
the quantum mechanical caleulation of intensity dis- 
tribution in the interference pattern is complicated 
by the dispersive property of the medium of propaga- 
tion, and this may be a partial explanation for the 


. missing attempts in that direction. Several physicists, 


however, have made predictions on the outcome of the 
interferometer experiment based on “intuitive extra- 
polation.” Although these predictions were rather un- 
favorable, the results of the experiments exceed these 
expectations in that the limit of experimental accuracy 
is much more favorable than was foreseen. Besides 
this disagreement with the extrapolation (which could 
be disregarded as based on insufficient experimental 
evidence), the interferometer experiment extended our 
knowledge of the electron in the following way : Within 
the limits of the present experiment, the exceedingly 
complex quantum mechanical caleulations can be ad- 
vantageously replaced by the much simpler sealed- 
down light-optical picture. 

For those who are interested in specific details of 
interferometry : on one interferogram, 154 interference 
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fringes were counted with an average spacing of 1650 
angstrom units. The optical path difference, which was 
not measured directly but calculated from fringe spac- 
ing, was 276 angstrom units, or roughly corresponding 
to 5800 electron wavelengths. 

The results of the experiment have shown that (a) a 
wave analogy can be successfully applied in deserib- 
ing the outcome of the experiment, and (b) the lower 
limit of the length of the “wavepacket” is at least 30 
times greater than previous experimental evidence in- 
dicated. The length of the wavepacket denotes the 
length of that “coherent” wavetrain within the bound- 
aries of which interference is possible (and thus by 
inference the phase relationship is not disturbed). The 
previous experimental evidence was based on obser- 
vations of resolution in diffraction diagrams, which 
showed that the wavepacket had to be at least 200 
wavelengths long to explain the observéd data. Both 
the older estimates and our new results are consider- 
ably below the theoretically possible length of the 
wavepacket. 

The numerical values for comparison can be pre- 
sented in different ways. One rather striking repre- 
sentation consists of translating the length of the wave- 
train into the time required for the “particle” to travel 
a distance equal to the path difference. According to 
the present measurement this time (the “coherence 
time” of the electron) is at least 2 x 10-** see,* whereas 
the older lower limit was 7 x 10-1* sec. The theoretical 
estimate involves a knowledge of the indeterminacy 
of energy of the electron; for electrons issuing from 
hot tungsten filaments it could be as high as 10-?* see. 

An experiment of this kind strengthens considerably 
the concept of the wave nature of the electron, and 
the question may arise whether any more strengthen- 
ing of this concept is necessary. Another question can 
be asked: How does such an experiment affect our 
views of the “true” nature of the electron? Is the elec- 
tron less of a particle than it used to be because of any 
such experiments? The answer to such questions may 
seem trivial, but several recent publications by out- 
standing theoretical physicists show that it is far from 
being trivial to the general scientific public (8-10). 
For this reason, I would like to add a brief summary 
of our present picture as it appears to an experimen- 
tal physicist. 

4This time is equal to the path difference of 276A (or 


2.76 x 10* em) divided by an electron velocity of about 1.4 x 
10° cm/sec. 
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There seems to be no reason for further discussion 
as to whether the electron is a particle or a wave, or 
as Eddington put it a “wavicle.” The electron is none 
of them. With due apologies to the late Gertrude Stein, 
the electron is an electron. Old and conventional lan- 
guage cannot be used to describe the-~properties of 
something of which we had not the slightest inkling 
fifty years ago. If we say “particle,” the word has 
certain connotations even in the most abstract mind. 
We conjure up the image of something solid like a 
ball or a bullet and try to adapt the properties of the 
so-called particle to the image in our minds. This kind 
of operation is feasible as long as there is a common 
understanding of how the image or model is to be used. 
For instance, if I call an object a stone by training 
or by habit or by both, I shall describe certain prop- 
erties such as shape, color, mass, rigidity, and hard- 
ness. I will know that I have an object on hand which, 
if of proper size and structure, can be cut and used 
as a constructive element in building houses. The word 
electron has to convey to our senses a physical entity, 
which has charge and mass, can interact with fields of 
forces (both microscopic and macroscopic), can ac- 
quire and transfer momentum, and can show diffrac- 
tion and interference phenomena. All such and other 
properties are contained in the word “electron.” If 
I want to employ images or models, I can say that 
under specific conditions of the experiment we can 
describe the behavior of the electron as particle-like 
or wave-like, but let us remain conscious that when 
doing so we are trespassing the limitations of our 
language. It is about time to repeat and emphasize 
the warning quoted in Margenau’s book: “Thou Shalt 
Not Make Unto Thee Any Graven Image.” 
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Processing of Two-Dimensional Patterns 


by Scanning Techniques 


L.S.G. Kovasznay* and H. M. Joseph 
National Bureau of Standards, Washington, D. C. 


N THE STUDY of visual perception and of the 
processes involved in the recognition and recol- 
lections of patterns, it is desirable to have mecha- 
nisms available to manipulate two-dimensional 

patterns. Although such operations might be accom- 
plished, to some extent, by manual means or by spe- 
cial techniques using photographic processes, it ap- 
peared that there would be considerable advantages 
in the great rapidity of action and flexibility that may 
be obtained by the use of electro-optical seanning tech- 


niques. 
IMAGE CONDENSER 
TRANSPARENCY Lens 


PHOTO- TUBE 


SCANNING 
OSCLLOSCOPE 


TO INTENSITY | VIDEO 
FEEO-BacK 


GRID AMPLIFIER 


AMPLIFIER SIMILAR TO 

ae OR WITHOUT MODIFYING CIRCUITS 
LOScoPE 


TO TENSITY GRID 


Fic, 1. Image feedback system. Block diagram of apparatus. 
The scanning spot is focused on the transparency. The trans- 
mitted light is converted to electrical signal by the phototube 
and fed back to the intensity grid of the scanner, thus pro- 
ducing a negative picture on the face of the scanner. The 
same video signal is modified and displayed on a second slave 
oscilloscope. 


Those considerations led the senior author to sug- 
gest that manipulations of a pattern could very con- 
veniently be studied by the system described herein. 
As a result of this suggestion the equipment described 
below has been built for the purpose of studying the 
potentialities of manipulating two-dimensional pat- 
terns. The apparatus consists essentially of a flying- 
spot scanner and a monitor or “slave” oscilloscope to 
view the results of the scan, connected as indicated in 
the block diagram, Fig. 1. The scanner employs nega- 
tive feedback to obtain a more faithful response in the 
video signal.? The modification of the picture is ac- 

1 Consultant to N.B.S.; Department of Aeronautics, Johns 
Hopkins University, Baltimore, Maryland. 

2A description of negative feedback applied to a flying-spot 
scanner has appeared in an article by R. Theile and H. 


McGhee, “The Application of Negative Feedback to Flying 
Spot Scanners,” in J. Brit. Inat. Radio Engrs. June, 1952. 
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Fic. 2. Step wedge of density. Note the brightness contrast 
effect at the boundaries of the steps. Each step looks as if 
its shading varies across the step, although the shading is 
a (This may be checked by covering the adjacent 
steps. 


complished by inserting a suitable electrical circuit 
modifier between the output of the phototube and the 
intensity grid of the slave cathode-ray tube. 

The operations that may be pertinent to the problem 
of recognition and recollection, to some degree, appear 
to be independent of the orientation of the pattern. 
Isotropic Operations (that have no preferred direc- 


(a) 


| INTENSITY 


J INTENSITY 


INTENSITY 


Fic, 3. (a) Signal obtained from scan of a step at transi- 
tion (slightly defocused). (b) Differentiated signal of (a). 
(ce) Second derivative of (a). Note. The sign is independent 
of the direction of scan. 
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tion) can be accomplished without resorting to special 
memory devices by using a sean that is isotropic in its 
properties. 

The scan employed has the same velocity in two 
orthogonal directions, e.g., in both horizontal and ver- 
tical directions. Some operations upon the beam in- 
tensity in the time dimension have the effect of modi- 
fying the pattern in space. In this manner fairly 
simple electrical operations in time made upon the 
intensity signal are transformed into corresponding 
operations in two-dimensional space. For example, 
forming the second derivative of the light intensity 
in time, d?I/dt? results in a pattern on the screen 
representing y7J, the Laplacian of J. 


(ce) 


Fic. 4. (a) Picture produced by video signal. (b) Picture 
produced by negative of the second derivative of the video 
signal. (c) Picture produced by electrical additional of above 
signals. 
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(b) 


Fic, 5. (a) Direct reproduction. (b) Contour outline of 
direct reproduction in (a) 


The scan, itself, was obtained by applying a train 
of triangular waves to the horizontal deflection plates 
and a slightly different frequency triangular wave 
train to the vertical direction. Since the phase dif- 
ference between the vertical and horizontal waves 
changes at a constant rate, the resulting rectangular 
Lissajous figure changes shape and covers the pic- 
ture area in the period of the difference frequency. 
The scanning spot moves in each of the orthogonal 
directions of the rectangle at a constant velocity and 
thus the sean is isotropic. 

The first process simulated with the equipment was 
that of the brightness contrast effect noted in the hu- 
man eye. It can be observed by the reader in the step 
wedge (Fig. 2). Each step looks as if its shading 
varies across the step, although the shading was re- 
produced uniformly. This effect is the enhancement 
of changes at boundaries or contours. 

The contour enhancement was produced in the 


*A similar accentuation occurs in photographic processes 
as the Eberhard effect. 
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monitor oscilloscope by forming the Laplacian of the 
density pattern and subtracting it from the directly 
reproduced pattern. The enhancement obtained is in- 
dicated for a one-dimensional pattern in the diagram 
of Fig. 3. The solid line in Fig. 3a shows the light 
amplitude, I, that would be obtained by scanning the 
area across the boundary between two of the steps in 
Fig. 2, both in the forward and the reverse directions. 
The solid line in Fig. 3b shows the first derivative 
obtained when scanning forward and the dotted line 
the opposite sign of differentiated light signal obtained 
when scanning in the reverse direction. Figure 3c 
shows the second derivative, whose sign is independent 
of the direction of sean. The dotted line in Fig. 3a 
shows the increased sharpness of transition obtained 
by subtracting a portion of the second derivative. 

The effect of performing the same operation in 
two dimensions upon a photographic transparency is 
shown in the pictures of Fig. 4. Figure 4a is the di- 
rect reproduction of the picture as it appeared on a 
eathode-ray tube screen. Figure 4b is the negative of 
the second derivative as it appears on the same screen. 
Figure 4¢ shows the result of electrically adding the 
two signals. The definition of Fig. 4a was limited 
largely by the minimum scanning spot size available. 
The improvement in overall sharpness of the picture 
in Fig. 4c is readily apparent in the original photo- 
graphs. 

Other pictures have been degraded by increasing the 
scanning spot size or by reproducing the transparency 
in an enlarger by slightly defocusing the image. A sim- 
ilar improvement in sharpness was obtained in each 
of those cases. A mathematical analysis shows that 
this represents a first order restoration of a degraded 
function in cases when the original has been degraded 
by the processes mentioned above as well as by limited 


video pass band or by diffusion. This is a two-dimen- 
sional analogue of high-frequency compensation of 
an amplifier whose amplitude-frequency response de- 
creases at higher frequencies. 

This process has been repeated, or reeyeled, by sean- 
ning the reproduced pictures in the same manner as 
the originals. As expected, the direct reproduction is 
better when the improved picture (Fig. 4c) is used as 
the original. This tends to show that the two-dimen- 
sional analogue of preemphasis of the higher fre- 
quencies may be utilized to improve the reproduction 
of a picture by compensating for the properties of 
an imperfect system. 

In addition to producing contour enhancement, the 
same equipment was used to produce a contour out- 
lining effect, a method by which, it is believed, the 
visual memory extracts essential information from a 
pattern. By rectifying the signals shown in Fig. 3b and 
limiting them to a constant level, it is possible to out- 
line the boundaries of the picture (resembling cartoon 
drawings) on the cathode-ray tube screen. A picture 
outlined in two dimensions is shown in Fig. 5. The 
picture shows an outline in white lines against a black 
background. However, it is easily possible to produce 
a white line picture by reversing the polarity of the 
rectifier. 

The exploration of the properties of this system will 
proceed with attempts to determine the effects of other 
processes such as integration, modifications in the 
feedback circuit itself, and other matters. {n addition 
to the potential practical values of the processes so 
far studied, the method of modifying two-dimensional 
patterns may be useful as an analogue computer for 
two-dimensional partial differential equations, and for 
studying the problem of the recognition and recollee- 
tion of visual patterns. 


Instrument Society of America 


Annual Conference and Exhibit 


W. A. Wildhack* 
National Bureau of Standards, Washington, D. C. 


HE Instrument Society of America held its 
Eighth National Instrument Conference and 
Exhibit in Chieago during the week of Sep- 
tember 21-25. More than 11,000 persons reg- 
istered to attend the large exhibit held in the Hotel 
Sherman or to attend the sessions of the technical 
program held in the Hotel Morrison. As many as six 
sessions were held concurrently, with 37 sessions in all, 
and a total of nearly 100 papers presented. In addi- 
tion to sessions arranged by technical committees of 
1 National Secretary, Instrument Society of America. 


October 23, 1953 


the Instrument Society of America, there were also 
sessions arranged by cooperating societies, including 
the American Society of Mechanical Engineers, the In- 
stitute of Radio Engineers, and the American Institute 
of Electrical Engineers. As in previous years, an in- 
teresting feature of the technical program was an 
“Instrument Maintenance Clinic” arranged for the in- 
struction of plant and laboratory personnel in the 
operation and maintenance of various basic types of 
instruments. Manufacturers provided instructors and 
demonstrated equipment for this clinic, which lasted 
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for three duys before the opening of the regular con- 
ference, and for which nearly 500 persons registered. 
A similar lecture and demonstration course on com- 
plex analytical instruments was designed to appeal 
particularly to research workers. Representatives of 
eight manufacturers repeated a three-hour discussion 
and demonstration lecture six times for small groups 
of 15 to 30 persons. The companies participating in 
the course, and the instruments demonstrated were: 


Beckman Instruments, Inc.—analytical computers 
Consolidated Engineering Co.—dynamie recording 
systems—amplifiers, pickups, and oscillographs 
Gow-Mac Instrument Co.—thermal conductivity gas 
analysis 

Minneapolis-Honeywell Regulator Co.—analytical 
application of recorders 

North American Philips Company—x-ray fluores- 
cence spectograph 

Process Controls, Div. of Baird Associates—non-dis- 
persion infrared analyzers 

General Electric Company—dielectric constant and 
turbidity 

Perkin-Elmer Corporation — dispersion infrared 
analyzers for the laboratory and plant 


Reflecting the large percentage of industrial interest 
in the conference, the sessions on Instrumentation for 
Production Processes were heavily attended. Papers 
were given on “Instrumentation for Statistical Qual- 
ity Control,” “Segmental Recorders,” “Specific Grav- 
ity Measurements,” “Dynamic Analysis of Heat Ex- 
changer Systems,” “Pneumatic Multiplying and 
Process Control,” “Human Engineering in Power 
Plant Instrumentation,” a “Flow Controller,” a “Li- 
quid Metal Magnetic Flowmeter,” “Instrumentation 
for Radiochemical Processing-Recovery of Iodine 
131,” a “Catalytic Hydrogen Gas Analyzer,” and a 
“Carbon Monoxide Gas Analyzer.” The sessions on 
testing instrumentation were also popular. An over- 
flow audience gathered to hear F. G. Tatnall’s enter- 
tuining history of the development, performance, and 
application of the bonded-wire strain gages, and other 
more detailed papers relating to strain gaging. 

There were several papers relating to aeronautical 
instrumentation, to geophysical instrumentation, in- 
strumentation for transportation, and three sessions of 
papers on instrumentation for biology and medicine. 
A selection of titles indicates the range of the papers 
of special biological interest: “Techniques of Micro 
Analysis,” “Reeording Oximeters,” “Camera Design 
for Radio Micrography,” “Electro Magnetic Flow- 
meter in Industry and Biology,” “Instrumentation for 
Vectorcardiography,” “Apparatus for the Quantita- 
tion of Biological and Other Data by Photoelectric 
Measurement of Areas,” “Measurement in Biology.” 

The American Society of Mechanical Engineers 
sponsored a symposium on Production Weighing and 
Control, and a number of devices for automatically 
determining the mass or weight of granular or liquid 
materials was exhibited. One of these indicates the 
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average mass flow of granular materials from a meas- 
urement of the torque required to drive a constant 
speed a horizontal rotating plate on which radial guide 
vanes whirl the material continually outward as it is 
allowed to drop onto the center of the plate. 

Preprints of most of the papers were available, and 
the complete volume of the Proceedings will be pub- 
lished within a few months. 

The exhibits of industrial and scientific instruments, 
components, and related devices occupied 35,000 square 
feet on various floors, halls, rooms, nooks and eran- 
nies in the Hotel Sherman, which was somewhat 
cramped already because of remodelling operations 
in the hotel lobby. However, a persevering visitor in- 
terested in a specific exhibit could eventually locate it 
with the aid of a map of the exhibit area and a de- 
seriptive list of exhibits in a 48-page program and 
exhibit guide supplied to all registrants. 

With more than 200 manufacturers exhibiting, it 
appears that only the cities with the largest exhibit 
facilities will be able to play host to the Instrument 
Society in future years. It is planned that next year’s 
conference, to be held in Philadelphia, will be inter- 
national in character, and will be called the First In- 
ternational Instrument Congress and Exposition. 
Porter Hart, President of the Society, reported at the 
annual meeting that he and Richard Rimbach, Exhibit 
Manager, had toured the continent this summer to 
stimulate interest in attendance and participation in 
the international meeting next year. For future years, 
the tentative locations are: Los Angeles in 1955, fol- 
lowed by Detroit, New York, and Cleveland. 

The only nonindustrial technical exhibit was that 
from the National Bureau of Standards. In previous 
years other government agencies have exhibited in- 
strument developments of considerable interest. It is 
recognized that it would be highly desirable to have 
much more space devoted to the instrument develop- 
ments of universities and nonprofit institutions, as a 
valuable adjunct to the educational work of the So- 
ciety. It is hoped that many such organizations will 
have exhibits in the International Exposition at Con- 
vention Hall in Philadelphia, September 14-24, 1954. 
Other technical societies and organizations are invited 
by the ISA to hold joint meetings and exhibits on 
measurements in their special fields at that time. 

Instrumentation is one facet of science which is eom- 
mon to all technical fields, and it is therefore both 
appropriate and sensible that the Instrument Society 
cooperate with other scientific and technical groups in 
joint meetings devoted to measurements and instru- 
ments of common interest. Together with the Institute 
of Aeronautical Sciences, the American Institute of 
Hlectrical Engineers, and the Institute of Radio En- 
gineers, the ISA sponsored a National Telemetering 
Conference in Chicago last May; 250 persons attended 
the 3-day conference. Telemetering and equipment for 
data reduction were displayed by 15 manufacturers. 
The Telemetering Conference will be repeated next 
year. Another cooperative conference (ATEE, IRF, 
ISA) on Electronic Instrumentation and Nucleonies in 


Science, Vol. 118 


2¢ 
in 
or 
es 
ar 
M 
Mera 
= 
" Je 
po 
La 
St 
ati 
po 
te 
pe 
of 
th 
at 
= 
= 


Pas- 
fant 
1ide 
it is 


and 
yub- 


nts, 
ran- 
vhat 
ions 
in- 
te it 
de- 
and 


it 
hibit 
nent 
ear’s 
nter- 
t In- 
tion. 
t the 
hibit 
ar to 
ym in 
rears, 
, fol- 


that 
vious 
d in- 
It is 
have 
elop- 
as a 
e So- 
will 
Con- 
1954. 
ivited 
its on 


both 
ociety 
ips in 
nstru- 
stitute 
ite of 
o En- 
tering 
ended 
nt for 
burers, 
next 
IRF, 
nies in 


ol. 118 


Medicine will be held in New York, November 19 and 
20, 1953 (Scrence, p. 3, Oct. 16). 

The membership of the Instrument Society is drawn 
as much from the users as from the manufacturers of 
instruments. Industrial firms, whose business depends 
on the efficient performance of modern instruments, 
especially those in the chemical, petroleum, utilities, 
and other process industries, are particularly inter- 
ested in the activities of the Society and the work of 
the Society committees concerned with recommended 
practices for instrument specifications, installation, 
and standardization. Corporate membership is now 
available to corporations and organizations interested 
in the work of the Society, with dues of $250 per year. 
Manufacturers who exhibit at the annual conference 
are to be given corporate membership at no additional 
cost. 

Officers of the Society for 1954 will be: 


President, W. A. Wildhack, National Bureau of 
Standards, Washington, D. C. 
Vice-Presidents, Warren H. Brand, Carbide and 
Carbon Chemicals Co., Oak Ridge 
National Laboratory, Oak Ridge, 
Tennessee. 
Delmas C. Little, Army Medical 
Research Laboratories, Fort Knox, 
Kentucky. 
Axel H. Petersen, Mellon Institute, 
Pittsburgh, Pa. 
Hans B. Freeman, Economy Equip- 
ment Co., St. Louis, Mo. 


Secretary, Robert Sheen, Milton Roy Co., Phila- 
delphia, Pa. 

Treasurer, J. T. Vollbrecht, Energy Control Co., 
New York. 


The Society Manager is P. V. Jones, and the Ex- 
hibit Manager is Richard Rimbach. Society head- 
quarters are at 1319 Allegheny Avenue, Pittsburgh 
33, Pa. 

At the annual meeting of the Council, the governing 
body of the Society, approval was given to a proposal 
recommended by the Executive Board that the Society 
undertake the publication of its own journal within the 
next year. Thus, there will be available a more ade- 
quate vehicle for carrying the news of the Society and 
its activities, as well as a larger number of technical 
papers than the Society can publish in the present 
Journal of the ISA as a small section of the magazine 
Instruments. Prospective authors are urged to submit 
titles and abstracts for next year’s conference, or for 
the new ISA Journal, as soon as possible, to permit 
adequate time for editorial review by appropriate 
committees, and for preprinting. 

All readers are cordially invited to plan to attend 
next year’s conference and exhibit in Philadelphia, to 
attend meetings of any of the 66 Sections of ISA 
throughout the country, and to affiliate with the So- 
ciety if their work or interests require that they keep 
abreast of the broad and expanding field of instru- 
mentation in their own branch of science or industry. 


News and Notes 


Fifth Annual Oak Ridge 
Summer Symposium 


Tue Oak Ridge Summer Symposium was held this 
year August 24-29, and was devoted to the sub- 
ject, “Topics of Modern Physics.” These summer sym- 
posia are offered jointly by the Oak Ridge National 
Laboratory and the Oak Ridge Institute of Nuclear 
Studies and are intended to provide a broad view of 
modern developments in various scientific fields. An 
attempt is made to arrange a program at each sym- 
posium with a broader coverage, both in subject mat- 
ter and period of time, than is normally provided in 
meetings of professional societies. The symposia are 
scheduled each year at the end of the summer so as to 
coincide as nearly as possible with the period follow- 
ing the close of summer school sessions. The first sym- 
posia were devoted consecutively to the subjects of 
physics, chemistry, nuclear engineering, and the use 
of radioactive isotopes in agricultural research. Thus 
the symposium this year, in returning to the consider- 
ation of topics in modern physics, initiated a new 
cycle of annual offerings. 
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The total registration for the symposium was 248, 
of which 175 were local and 73 were from outside Oak 
Ridge. Among the latter, 36 universities and 25 states 
were represented. Two major fields of recent research 
in physies were covered in the symposium; namely, 
ultra-high energy particle phenomena and develop- 
‘ments in spectroscopy throughout the range of the 
electromagnetic spectrum. 

J. Steinberger of Columbia University presented 
a series of four lectures on mesons. Research on 
x-mesons. was reviewed historically and the key ex- 
periments were described in some detail. Special em- 
phasis was given to the concept of isotopic spin and 
the consequences of charge independence in nuclear 
interactions. The final lecture consisted of a brief re- 
view of experimental evidence relating to higher mass 
mesons and V-particles. 

The remaining lectures in the field of ultra-high 
energy phenomena were given by M. S. Livingston of 
Massachusetts Institute of Technology. In his first lec- 
ture he described a detailed design, which has recently 
been completed by a group at Cambridge working 
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under his leadership, for a 15-Bev proton synchroton 
utilizing the principle of alternating magnetic gradient 
focusing. His second lecture consisted of the descrip- 
tion of the operating characteristics of the Brookhaven 
cosmotron and the review of recent unpublished results 
obtained with it. In particular, the indicated trends of 
the x+ and x cross sections on protons up to 1.5 Bev 
were shown, and recent cloud chamber studies of 
V-particles were described. 

Recent advances in spectroscopy throughout the 
electromagnetic spectrum were covered in a large 
number of papers of considerable variety and interest. 
W. Gordy of Duke University described a number of 
recent advances in microwave spectroscopy and gave 
special attention to transitions between Zeeman com- 
ponents in electronic semiconductors and other solids, 
A-doublets arising from electronic angular momentum 
in diatomic free radicals, and the successful extension 
of microwave spectroscopy to the one-millimeter wave- 
length region, which has recently been achieved at 
Duke. The significance of this last development, which 
ean use exceedingly small gas volumes, for microwave 
spectroscopy with radioactive isotopes was pointed 
out. In a parallel paper, Ralph Livingston of Oak 
Ridge National Laboratory described his work on pure 
quadrupole spectra in solids in the microwave region ; 
of especial interest was the large body of information 
on solid state structures that is obtainable from sym- 
metry properties of the electrical field gradient in sin- 
gle crystals as revealed by the Zeeman effect on these 
spectra. The whole range of developments in infrared 
spectroscopy during the past fifteen years was sur- 
veyed by A. H. Nielsen of the University of Tennessee. 
Particular attention was given to the extensive devel- 
opments in the new infrared sources, detectors, optical 
materials, and recording spectrometers, which have 
taken place during this period. 

Spectroscopic developments in the visible region of 
the spectrum were covered in two papers. The first, 
by J. R. MeNally, Jr., of Oak Ridge National Labora- 
tory, was concerned with a variety of results on nu- 
clear spins and magnetic and quadrupole moments now 
obtainable with high-resolution spectroscopy of hyper- 
fine structures. The second paper, by G. R. Harrison 
of Massachusetts Institute of Technology, was on the 
subject of echelle spectroscopy. The theory of the 
echelle was described in some detail, and construction 
of echelle spectrographic instruments and the spectro- 
graphs obtained with them were shown by lantern 
slides. Of especial interest was the neat manner in 
which the instrument would record a broad prism 
spectrograph and simultaneously record on the same 
plate narrow segments of this spectrum spread out in 
high resolution by the echelle at right angles to the 
corresponding positions of the main spectrograph. 

For the x-ray and gamma-ray region of the electro- 
magnetic spectrum, J. W. M. DuMond of California 
Institute of Technology gave two lectures on the bent- 
quartz crystal focusing spectrometers which he has 
developed. Everyone in attendance at the symposium 
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was thrilled by the achievement represented in the 
construction of these instruments and the remarkable 
precision obtainable with them. The first instrument 
that he described places the gamma-ray source at the 
foeus of the erystal and uses a scintillation counter 
detector in a fixed position behind the crystal. The 
other spectrometer reverses these positions and records 
the gamma-ray spectrum on a photographic film 
placed in the focal plane of the erystal. A. Abragam 
of the Centre d’Etudes Nucleaires de Saclay, France, 
discussed the theoretical formulation of the problem 
of angular correlations of successive gamma rays from 
nuclear transitions, particularly as they are affected 
by erystalline electrical fields through quadrupole in- 
teractions and also by externally applied magnetic 
fields. T. A. Welton of Oak Ridge National Labora- 
tory diseussed quantum electrodynamics in two lee- 
tures with specific attention to the Lamb shift and 
the new covariant formalism of Schwinger, Feynman, 
and Dyson. 

In a very interesting paper on a subject lying out- 
side the domain of these two major fields, C. H. Eckart 
of the University of California Marine Physical Labo- 
ratory described a new approach to the theory of 
steady turbulence in fluids that he has developed, based 
on replacing time averages of velocity components 
with ensemble averages in a manner entirely analogous 
to the corresponding procedure followed in statistical 
mechanics. In an evening lecture open to the public 
of Oak Ridge as well as to the symposium partici- 
pants, C. J. Craven of the University of Tennessee 
reviewed the remarkable and interesting results now 
being obtained in the new field of radio astronomy. 

In addition to the formal symposium sessions, a 
tour of the reactors and other facilities at Oak Ridge 
National Laboratory was arranged for the first after- 
noon. 

G. 
Oak Ridge Institute of Nuclear Studies 
Oak Ridge, Tennessee * 


Scientists in the News 


John M. Beal, Chairman of the Botany Department 
at the University of Chicago since 1949 and a member 
of the faculty since 1929, has retired. He is succeeded 
by Charles E. Olmsted, professor in the same depart- 
ment. Dr. Olmsted’s interests lie chiefly in the field 
of physiological ecology. He has worked especially 
on the effects of photoperiodism and temperature on 
various grasses. 

Dr. Beal received a B.S. from North Carolina State 
College in 1911, an M.S. from Mississippi State Col- 
lege in 1913, and a Ph.D. from the University of 
Wisconsin in 1927. His recent research has included 
studies of the effects of C'* on the genetic characteris- 
ties of plants. 

During his tenure as department chairman Dr. Beal 
made cooperative arrangements for research with 
neighboring institutions, such as the plan whereby 
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graduate students in the Botany Department may 
pursue research on systematic and ethnological botany 
at the Chicago Natural History Museum. Besides 
using the museum’s facilities, they benefit from the 
direction and advice of members of the museum staff. 


Hwai-Sze Fang, Professor of Physiology at the Na- 
tional Taiwan University, has spent the last six months 
studying aviation medicine in the Department of 
Physiology at the Ohio State University Medical 
School. After attending the 19th International Physio- 
logical Congress, he has returned to Taiwan. 


Willis E. Lamb of Stanford University will be in 
residence at Harvard University during the fall term 
and will lecture on microwave spectroscopy and quan- 
tum mechanics. Professors Enrico Fermi, University 
of Chicago, and Freeman Dyson, Institute for Ad- 
vanced Study, Princeton, will be in residence for 
shorter periods of time, each giving colloquium talks 
and a series of four lectures. 


Duncan E. Macdonald, Director of the Boston Uni- 
versity Physical Research Laboratories since 1946, 
has been appointed Dean of the Graduate School. He 
will retain his directorship of the Physical Research 
Laboratories, but will move his headquarters to the 
Graduate School. The Laboratories are noted for their 
work, conducted under U.S. Air Force sponsorship, in 
the field of aerial photography. 


William Frederick Meggers, Chief of the Spec- 
troscopy Section at the National Bureau of Stand- 
ards, has received an Elliott Cresson Medal from The 
Franklin Institute, Philadelphia, “for his monu- 
mental work throughout four decades in the field of 
Spectroseopy—work which has exhibited a high de- 
gree of diligence, consistent accuracy and scientific 
responsibility, work which has produced much of the 
reliable experimental data upon which rests our pres- 
ent detailed knowledge of the electronic structures of 
scores of elements.” 


In the Biology Department of the Western Illinois 
State College, Macomb, R. Maurice Myers has been 
appointed Head of the 
Mary A. Bennett, who is retiring, and Howard F. 
Young, formerly Assistant Professor of Zoology at 
the University of Arkansas, has been made an As- 
sociate Professor. 


George Cheney Newton, Jr., Associate Director, 
Servomechanism Laboratory, Massachusetts Institute 
of Technology, has been awarded the Louis E. Levy 
Medal by The Franklin Institute, Philadelphia, for 
his paper, “Compensation of Feedback-Control 
Systems.” 


Arnold W. Ravin, postdoctoral fellow of the U.S. 
Public Health Service in the laboratories of Boris 
Ephrussi and Harriett Ephrussi-Taylor at the Uni- 
versity of Paris, has been appointed Instructor in 
Biology at the University of Rochester. Dr. Ravin 
will continue his research on bacterial transformation, 
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Department to succeed - 


and will take a major role in developing the basic ele- 
mentary biology course. 


Warren E. Wilson, formerly President of the South 
Dakota School of Mines and Technology, has been 
appointed Director of the Engineering Sciences Divi- 
sion, Office of Ordnance Research. OOR is the ad- 
ministrative office which supervises the $4,000,000 
program of basic research sponsored by the Ordnance 
Corps, U.S. Army. It is located on the campus of 
Duke University. Dr. Wilson succeeds Newman A. 
Hall, who has returned to his academic duties as Head 
of the Heat Power Division, Department of Mechan- 
ical Engineering, University of Minnesota. 


Education 


The A. F. Davis Welding Library, located at The 
Ohio State University in Columbus, has recently ac- 
quired over 2200 abstracts of British welding patents; 
these are classified in the usual manner. The library 
was established in 1942 by A. F. Davis, Vice President 
and Secretary of The Lincoln Electrie Company, 
Cleveland. Ohio State is the enly university in this 
country that offers a five-year course in welding engi- 
neering leading to the degree of Bachelor of Welding 
Engineering. 


At Harvard University a new fireproof, air-condi- 
tioned botanical building is being constructed and will 
be ready for occupancy early in 1954. This building, 
which will be adjacent to the north wing of the Mu- 
seum of Comparative Zoology and the Farlow Library 
and Herbarium, is designed to house the Gray Her- 
barium and Library, a major part of the Library and 
Herbarium of the Arnold Arboretum, the Orchid Her- 
barium of Oakes Ames, and Harvard’s paleobotanical 
collections. By bringing these collections together in 
close physical proximity to the Botanical Museum, the 
Ferlow Library and Herbarium, the library of the 
Maseum of Comparative Zoology, and the Biological 
Laboratories, the work of staff members and grad- 
uate students will be stimulated and facilitated. 


An evening course in industrial optics, designed to 
be of value to engineers and technicians seeking ad- 
vanced knowledge in this specialized field, is being 
cffered this fall by the Illinois Institute of Technology 
in cooperation with optical firms in the Chicago area 
and with the Optical Society of Chicago. 

The course will have weekly sessions, conducted by 
specialists from industry and from the Institute, 
beginning Oct. 13 and continuing through Feb. 2, 
1954. The following areas will be covered: colorimetry 
and photometry; geometrical optics; electron optics; 
and laboratory practice and instruments. If the new 
course is successful, it may be the forerunner to the 
establishment of a complete curriculum in optical 
engineering at IIT. 


The New York Academy of Medicine is sponsoring 
its 19th annual series of Lectures to the Laity under 
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the general heading, “The Reciprocal Relations Be- 
tween Medicine and the Other Disciplines.” The sched- 
ule for the first three lectures is as follows: 

Nov. 4, “The Application of Physics to Medicine.” 
Norbert Wiener, Professor of Mathematics, Massa- 
chusetts Institute of Technology. 

Nov. 18, “The Relation of Electrochemistry to Medi- 
cine.” Theodore Shedlovsky, Associate Member of The 
Rockefeller Institute. 

Dee. 2, “The Practice of Psychiatry—Past and 
Present.” Clarerce P. Oberndorf, Clinical Professor 
of Psychiatry, Columbia University. 


Grants and Fellowships 


The Life Insurance Medical Research Fund invites 
faculty members to nominate candidates for 1954-55 
predoctoral fellowships for research in the medical 
sciences, preferably in the cardiovascular field. Nomi- 
nation deadline is Nov. 30. Open to those who will 
have completed a year or more of work in a medical 
or graduate school and can devote most of their time 
to research, stipends range from $2,000 to $2,400. 
Further information is obtainable from the Scientific 
Director of the Fund whose address is 345 E. 46 St., 
New York 17, N.Y. 


The National Research Council of the National Acad- 
emy of Sciences is now accepting applications for the 
following postdoctoral and predoctoral fellowships 
that provide special opportunities for advanced study 
and training in fundamental research in the natural 
sciences for the 1954-55 academic year. 

National Research Council Postdoctoral Fellowships 
in the Natural Sciences. Supported by the Rockefeller 
Foundation, these are intended to promote the train- 
ing of investigators in basic research in the natural 
sciences, primarily in educational and research insti- 
tutions of the United States and in exceptional cases 
in institutions abroad. These fellowships are open to 
citizens of the United States and Canada. A fellow- 
ship applicant must choose an institution other than 
that at which he has had most of his academic train- 
ing. Fellowships are available in the fields of Agricul- 
ture, Anthropology, Astronomy, Biochemistry, Bio- 
physics, Botany, Chemistry, Forestry, Geography, 
Geology, Geophysics, Mathematics, Paleontology, 
Physical Geography, Physics, Psychology, and Zo- 
ology. 

Lilly Research Laboratories Postdoctoral Fellow- 
ships in the Natural Sciences. These fellowships are 
available in those sciences fundamental to the under- 
standing of biological phenomena, especially in the 
borderline fields between Chemistry, Biology, and 
Physics. Applicants must produce evidence of train- 
ing in one of the natural sciences equivalent to that 
represented by the Ph.D. or Se.D. degree and must 
have demonstrated superior ability for creative re- 
search. A fellowship applicant must choose an insti- 
tution other than that at which he has had most of his 
academic training. These fellowships are open only 
to citizens of the United States. 
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Merck Senior Postdoctoral Fellowships in the Nat- 
ural Sciences. These Senior Fellowships are awarded 
for the purpose of giving advanced education, train- 
ing, and development to individuals who have demon- 
strated marked ability in“research im the physical, 
chemical, or biological sciences and who wish to 
broaden their fields of investigational activity by ac- 
quiring some familiarity with another area. A fellow- 
ship applicant must choose an institution other than 
that at which he has had most of his academic train- 
ing. Applicants must produce evidence of training 
in Physies, Chemistry, Biology, or preclinical medical 
sciences equivalent to that represented by the Ph.D. 
degree, and must have had at least three years of post- 
doctoral professional experience in their major field, 
including not more than one year of fellowship work. 
These fellowships, with no age restriction, are open 
only to citizens of the United States. 


RCA Predoctoral Fellowships in Electronics. These 
are offered to give special graduate training and ex- 
perience to young men and women in the general 
field of electronics, either as a branch of Electrical 
Engineering or as a part of the general field of Phys- 
ies. Applicants must have demonstrated ability and 
aptitude for advanced work and must have had train- 
ing in electronics equivalent to that represented by 
one year beyond the bachelor’s degree in a university 
of recognized merit in this field. It is understood that 
the training for the bachelor’s degree may come from 
the general area of Electrical Engineering or Physies. 
Applicants must be citizens of the United States and 
fellowships will be awarded only for study and re- 
search in the United States. 

Applications for any of these programs must be post- 
marked on or before Dec. 10. Fellowships are awarded 
in the late winter or early spring. Complete details 
and application blanks may be obtained from the 
Fellowship Office, National Research Council, 2101 
Constitution Avenue, N.W., Washington, D.C. 


Since January, 1953, Sharp & Dohme, Division of 
Merck & Co., Inc., has made grants totalling $45,910 
to 13 institutions scattered throughout the United 
States and Canada. 


In the Laboratories 


The plant pest control offices of The Connecticut 
Agricultural Experiment Station have been transferred 
from Danielson, where they have been located for the 
past 40 years, to the Station’s Tobacco Laboratory at 
Windsor. 


The Texas Division of The Dow Chemical Company 
is dedicating a new $2,600,000 research center to Wil- 
liam Reed Veazey, recently retired director and re- 
search consultant. The new building has 69,000 sq ft 
of space to house the Division’s organic, chemical engi- 
neering, and electrochemical research, as well as the 
analytical laboratory, research administrative offices, 
a patent office, and a library. 
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The General Electric Company plans to construct 
a $1,800,000 combustion laboratory in Schenectady. 
The story and a half building will provide 14,200 sq 
ft of floor space, and is scheduled for completion in 
late 1954. It will be divided into five main working 
areas: an air compressor and preheater room; a com- 
bustion test cell for evaluating new ideas on the theo- 
retical and practical aspects gf combustion; a turbine 
bucket study area; a high-speed test pit; and shock 
wave experimental facilities. The new laboratory will 
be devoted chiefly to basic scientific studies in order to 
obtain information about the exact chemical and ther- 
mal nature of combustion. 


A new method for counting virus particles has 
greatly aided cancer research at Duke University. The 
new system, developed by Gordon Sharp of the Duke 
Medical School, saves scientists months of work. For 
example, investigations on 105 virus-produced cancers 
in chickens which formerly would have required two 
months can now be completed in approximately 20 
minutes. 

In the new method a sample of unpurified blood 
plasma—only 1/30 of a drop being needed—is spun 
down in a centrifuge, so as to separate out the virus 
particles, which adhere to agar at the bottom of the 
test tube. The virus particles are then transferred from 
the agar to a liquid coating of collodion and placed 
under an electron microscope where they are counted 
over a given area. By multiplying this count by the 
magnifying power of the instrument, the scientist 
learns how many virus particles are in the sample. 


A machine that automatically scans photographic 
plates of the heavens, identifies individual stars, and 
punches their positions on IBM ecards has just gone 
into operation at the Watson Scientific Computing 
Laboratory. Prof. Wallace J. Eckert, Director of the 
laboratory, which is jointly operated by Columbia 
University and the International Business Machines 
Corp., headed a team of astronomers and engineers 
that has been working on the project for six years. 
The unique “star factory” makes as many measure- 
ments in one day as a highly trained person can in a 
week, and with four times the accuracy. 

Photographie plates 17 inches square, which contain 
the images of from 300 to 450 stars each, are placed 
on the adjustable plate holder of the measuring device. 
From IBM eards the approximate location of indi- 
vidual stars, obtained from a previous star catalogue, 
is transmitted to selsyn motors. These motors move 
the appropriate image in front of a very sensitive 
photoelectric eye, and the eye measures its exact posi- 
tion to within tenths of a micron. The position is then 
relayed back to the same card and punched on it. In 
order to relate positions measured on the plate to the 
true positions in the sky, elaborate computations are 
necessary. Electronic caleulators ean do this work au- 
tomatically, using the punched cards from the “star 
factory.” The resulting true positions can then be 
printed electrically and reproduced photographically. 
This final step in mechanizing a once arduous and 
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time-consuming part of astronomy will provide in- 
creasing amounts of data to astronomical theorists. 
Some of the problems solved in building the “star 
factory” will also be applicable to the automatic oper- 
ation of machine tools and to manufacturing plants. 


Miscellaneous 


A major study of the neurological disorder called 
amyotrophic lateral sclerosis has just been initiated on 
Guam, where it has been highly prevalent for genera- 
tions and where the character of the population and 
the environment make possible an analysis of its 
causes. This was recently pointed out by Donald R. 
Koerner, Navy physician stationed for some years in 
Guam. The U.S. Public Health Service, the Navy 
Bureau of Medicine and Surgery, and the Department 
of the Interior are participating in the two-month 
project, which will be headed by Leonard T. Kurland, 
Chief Epidemiologist of the National Institute of 
Neurological Diseases and Blindness, who left for 
Guam in September. Donald Mulder, U.S. Navy, and 
K. K. Waering and S. Tillema of the Government of 
Guam will cooperate in the investigation. 

Amyotrophie lateral sclerosis is popularly recalled 
as the illness responsible for Lou Gehrig’s death. It 
is a degenerative disease of the nervous system marked 
by demyelination of the nerve fibers, and seems to 
manifest itself in two types: a slow progressive type 
primarily paralyzing the muscles of the hands and 
arms (eventually affecting other organs as well), and 
a more rapidly progressive type in which shoulders. 
neck, tongue, lips, palate, and pharynx are initially 
involved and paralyzed. There is no treatment for the 
disorder, and its cause is still unknown. Its incidence 
in the’ United States is also unknown, but most 
neurologists agree that there are approximately 1500 
to 2500 cases yearly, with the average case having 
about three years to live from the time of onset. The 
disease occurs most frequently between the ages of 
thirty and fifty-five. 

The new research group hopes to determine whether 
or not the disease is as prevalent on Guam as believed, 
if it is exactly similar to the disorder as it is known 
‘elsewhere, and finally, just what the possible causes 
may be—whether genetic, traumatic, infectious, eco- 
nomic, nutritional, or otherwise. 


Poland has received from Czechoslovakia the origi- 
nal manuscript of the major work of the great Polish 
astronomer, Nicholas Copernicus. Known in Latin 
as De Revolutionibus Orbium Coelestium Libri 
VI (Concerning the Revolutions of the Heavenly 
Spheres), the document which altered man’s concept 
of the universe had beer in, Czechoslovakia for the 
last 400 years. It is now in the National Museum in 
Warsaw. First to see the manuscript after its return 
to Poland were the participants in the special session 
held by the Polish Academy of Sciences to commemo- 
rate the 410th anniversary of Copernicus’ death. 
(The 400th anniversary could not be observed be- 
cause of the occupation of Poland.) 
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The ER-55 Projector for Aerial Mapping* 


Russell K. Bean 
U. S. Geological Survey, Washington, D. C. 


For many a scientific or engineering venture of 
today, one of the most vital prerequisites is accurate 
topographic maps. The ever increasing demand for 
more and better maps has placed a heavy burden on 
our mapmaking facilities. Only by the development 
and application of new mapping techniques based on 
aeriai photography have we been able to keep pace 
with the growing need. The story of the development 
of photogrammetry, the science of obtaining reliable 
measurements by means of photography, is docu- 
mented in very extensive literature covering this field.” 
A single new development in the field of photogram- 
metry, the ER-55 projector, is described here. 

Many instruments have been developed for con- 
verting the data available on aerial photographs to 
topographic maps. These instruments range from 
simple inexpensive gadgets of limited application to 
complicated and costly machines capable of producing 
maps of the highest precision. In the United States, 
the principal device for compiling topographic maps 


MANUSCRIPT 
wae 


Fic. 1. Principle of the multiplex. 


1 Adapted from a paper presented at the 19th Annual Meet- 
ing, American Society of Photogrammetry, January 14, 1953. 

2 See bibliography in Manual of Photogrammetry, American 
Society of Photogrammetry, 1952. 
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Technical Papers 


Fic. 2. 
light rays. 


Prolate ellipsoid of resolution showing paths of 


from aerial photographs has been the multiplex pro- 
jector, a relatively simple instrument for stereoscopic 
plotting of maps by the direct double-projection 
method (Fig. 1). Details of the operation of this in- 
strument are available in the Manual of Photogram- 
metry published in 1952 by the American Society of 
Photogrammetry. 

The ER-55 projector is a new kind of photogram- 
metric projector for stereoplotting by the direct 
double-projection method. It has a number of ad- 
vantages over the multiplex projector. The principal 
distinetive feature of the instrument is that the light 
for projecting the image is condensed by an ellipsoidal 
reflector instead of by a condensing lens system. The 
designation “ER-55” is derived from two of the physi- 
cal properties of the projector: “ER” signifies “ellip- 
soidal reflector,” and the principal distance of the 
projector is 55 mm. 

The development of the ER-55 projector was 
planned and carried out in accordance with three 
guiding principles: 

1) It was recognized that there are certain exploit- 
able advantages in double-projection instruments, 
such as the multiplex, as compared to the highly com- 
plex instruments of the optical-train type. These ad- 
vantages are: low initial cost; low maintenance costs; 
ease of operation, requiring brief training; minimum 
of moving parts, including a stationary light source; 
direct anaglyphice viewing of projected images; and 
rapid stereotriangulation. 

2) It was recognized that previous instruments of 
this type had certain disadvantages, namely, loss of 
resolution due to the process of greatly reducing the 
aerial negative to a small diapositive in a diapositive 
printer; poor illumination; limit of permissible magni- 
fication imposed by resolution and illumination limits; 
and aberrations of the condensing lens system. 

3) It was recognized that if a practical instrument 
could be developed retaining the advantages of the 
simple double-projection instruments while overeom- 
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ing previous disadvantages, the product would he 
one of great usefulness, efficiency, and economy for 
both vertical and low-oblique photography. 

The principle of the new projector is based on a 
well-known property of a concave mirror conforming 
to a prolate ellipsoid of revolution, (Fig. 2); light 
rays emanating from a light source located at one 
foeus of the ellipsoid are directed by reflection toward 
the second foeus. The mairtf components of the pro- 
jector, namely the light source, the reflecting surface, 
and the projection lens, are so configurated and 
oriented as to exploit this property. It will be noted 
that the reflector is unsymmetrically positioned with 
respect to the axes. 

A diapositive plate, F, is suitably positioned in the 
system at the appropriate principal distance from the 
lens. Light rays emanate from the light source at one 
foeus, B, of the ellipsoid of revolution, pass through 
a red or blue filter and strike the ellipsoidal reflecting 
surface, S. The rays are then reflected so that they pass 
through first the diapositive, F, then the projection 
lens, A, at the second focus, and thence to the platen 
of a plotting table. This system results in the pro- 
jection of the image of the photography in a color 
corresponding to the color of the filter. From this 
point on, the operation is the same as that of multi- 
plex-type instruments. 

A vital feature of the system is that because of its 
unsymmetrical configuration no light rays pass directly 
from the light source to the lens through the diaposi- 
tive; as a result, there is no “hot spot” caused by 
direct light rays, and the light distribution is rela- 
tively even. The reflecting surface consists essentially 
of only that portion of a complete ellipsoid required 
for the reflection of the bundle of rays which en- 
compasses the entire area of the diapositive, with the 
lens as a perspective center for the reflected rays. 
This surface is represented by S, extending from C 
to D. 

The primary problem in designing an ellipsoidal- 
reflector projector that would fulfill the desired ob- 
jectives was to determine suitable values for the fol- 
lowing interrelated factors: size of diapositive, 
principal distance and projection distance of the pro- 
jector, focal length of the projection lens, and size and 
shape of the ellipsoid. Figure 3 shows the design 
finally adopted. 

The final design, arrived at after several trial cal- 
culations, represents the optimum combination of the 
interrelated factor—the diapositive size being in- 
creased to yield better resolution, while still keeping 
the instrument size within practical working limits. 
Principal distance and optimum projection distance 
of the projector were selected keeping in mind the 
desired plotting scales as well as the projector spacing 
on the supporting frame. 

The size and shape of the ellipsoid were selected by 
determining the most compact physical arrangement 
that would accommodate the lens placed at one focus, 
the light source at the other focus, and the diapositive 
plate properly placed at the correct principal distance 
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Fic. 3. Cross section of ER-55 projector. 


from the lens. The foeal separation and the length of 
the major axis were chosen to give the smallest ellip- 
soid that would physically accommodate the parts and 
provide the necessary clearances. 

A companion design and development problem, ear- 
ried on concurrently with the development of the 
ER-55 projectors, has been the production of a highly 
efficient diapositive printer designed for the specific 
purpose of making diapositive plates for these pro- 
jectors. The new printer, recently completed in proto- 
type form, is capable of capturing and transferring to 
the diapositive practically all of the detail appearing 
on the negative. This printer was constructed by the 
Geological Survey with optical parts, ineluding a 
virtually distortion-free high-resolution lens and an 
aspheric correction plate, furnished by Wild of Swit- 
zerland. 

The difficulties of developing the ER-55 projector 
were by no means confined to problems of design. 
There remained some formidable manufacturing prob- 
lems before the first pair of projectors could be de- 
livered. The most difficult of the manufacturing prob- 
lems was the production of the precise ellipsoidal glass 
blank to be used as the pattern about which the re- 


fleeting surface is electroformed. The rough blank was 


made of high-quality glass by the Corning Glass 
Works. The first blank to be produced successfully 
was delivered by Corning to J. W. Fecker, Inc., of 
Pittsburgh, Pa., who had the contract for finishing 
and polishing the ellipsoid to its final precise dimen- 
sions. The Fecker organization designed and built a 
machine solely for the grinding and polishing opera- 
tions required on this job. The hazardous operation 
of reducing the blank to the precise dimensions re- 
quired was successfully completed after many weeks 
of painstaking effort. A testing apparatus, especially 
designed for the purpose, was then set up for in- 
specting the finished blank for conformance to speci- 
fications. 

The electroforming operation for producing the 
mirror from the glass blank was done under contract 
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by the General Electroforming Laboratories of the 
Silver Shop, Washington, D. C. In this process,-a 
thin coating of silver is first plated on the glass blank 
for permanent protection. A coating of nonbonding 
material is then applied to the entire surface. The 
reflecting surface is then formed by electrodepositing 
silver (or other suitable material) on the nonbonding 
coating. Copper is next deposited to a thickness of 
3/32 in., to form the body of the reflector. When the 
reflector is removed, it is thus composed of a copper 
backing with a silver reflecting surface on the concave 
side. Although silver was used for the prototype pro- 
jectors as an expedient, the reflecting surface will 
eventually be made of a metal less subject to tarnish- 
ing. As only a portion of the complete ellipsoid is re- 
quired for each reflector, and as the glass blank 
approaches a complete ellipsoid in extent, three re- 
flectors can be electroformed simultaneously. 

The Geological Survey is contemplating the utili- 
zation of the ER-55 projector in various ways. 


Fie. 4. Pair of ER-55 projectors mounted on standard mul- 
tiplex supporting frame. The projectors are arranged for ver- 
tical photography. 


For using vertical photography (see Fig. 4), ER-55 
projectors can be mounted in pairs on a standard mul- 
tiplex supporting frame. The main advantage of using 
the ER-55 projectors for mapping with vertical pho- 
tography is that the area to be mapped can be photo- 
graphed at higher altitudes as compared to multiplex 
flying, because of the improved illumination and reso- 
lution, and larger mapping scale. Since mapping costs 
generally decrease rapidly with an increase in flying 
height, the advantage is a substantial one. 

The use of ER-55 projectors for compiling single- 
model convergent photography will provide, in addi- 
tion to improved illumination and resolution and 
larger scale, all the inherent advantages of convergent 
photography. 

Stereotriangulation of low-oblique photographic 
flights can be accomplished with a Twinplex plotter 
fitted with four twin ER-55 projectors. A simple swing 
adjustment applied to each projector-couple makes 
this instrument readily applicable to the bridging of 
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either convergent or transverse low-oblique photogra- 
phy. The Geological Survey prototype Twinplex plot- 
ter is fitted with two twin ER-55 projector units. 
When completed four twin-projector units will be 
mounted on this instrument. 

The ER-55 projector meets certain’ requirements, 
promises certain economies and constitutes a step for- 
ward in the field of simple double-projection plotters. 
It is expected that it will take its proper place with 
other photogrammetric instruments, each of which fills 
a certain need and is best adapted for the perform- 
ance of certain jobs. 

In addition to its use in stereoplotting instruments 
of the direct optical projection type, the principle of 
this invention can be used in other types of stereoplot- 
ting instruments and in enlarging or rectifying equip- 
ment. As pointed out in the patent application, the 
same principle can also be used in scientific fields other 
than photogrammetry. For example, an ellipsoidal- 
reflector system would provide brilliant illumination 
of a microscope slide. Or, such a system could be used 
in the reverse direction as a light gathering means for 
determining light values. In short, an unsymmetrical 
ellipsoidal-reflector system may prove advantageous 
whenever it is desired to concentrate light with the 
maximum efficiency and to obtain freedom from chro- 
matie aberrations. 


Manuscript received January 19, 1953. 


A Note on the Lead Isotope Method 
of Age Determination 


D. W. Allan, R. M. Farquhar, and R. D. Russell 


Geophysics Laboratory, Department of Physics, 
University of Toronto, Toronto, Ontario, Canada 


Recently several papers have been published which 
attempt to interpret variations in the isotopic abun- 
dances of common leads. An important contribution 
was made in 1951 by Alpher and Herman (1) who 
showed that the observed lead abundances could be 
related approximately to the ages of lead minerals by 
simple mathematical formulas. They assigned dates to 
a number of analyzed lead ores and caleulated the con- 
stants in these formulas by a least squares analysis. 
This calculation was later repeated by Collins, Rus- 
sell, and Farquhar (2), who used data from addi- 
tional lead samples of known age. 

Russell, Farquhar, Cumming, and Wilson (3) have 
recently proposed a method whereby the variation in 
common lead abundances can be used for dating cer- 
tain galena samples. A possible objection to the pro- 
posed method is that the mathematical formulas used 
will not be correct if the galenas used by Collins, Rus- 
sell, and Farquhar for the original calibration have 
not been correctly dated. The purpose of this note is 
to demonstrate that common lead abundance-time ex- 
pressions can be obtained without the use of dated 
samples. 
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TABLE 1 


Isotopic abundances 


Ages (in 10° yr) 


(Pb™ = 1.00) 
Source Mean 
By Pb® By Pb** 
206 207 208 

Ivigtut, Greenland 14.85 14.94 35.07 1.91 1.75 1.83 
Yellowknife Area, N.W.T., Canada *t 14.34 15.26 34.46 2.14 2.05 2.10 
Horseshoe Island, Great Slave Lake, N.W.T., Canada 14.16 15.08 34.28 2.22 2.14 2.18 
Phoenix Mine, Norseman, Western Australia 14.21 15.23 34.19 2.20 2.18 2.19 
Borderland Mine, Busia, Eastern Province, Ugandat 14.05 15.10 34.24 2.27 2.16 2.22 
Risks Mine, Kakamega, Kenya Colonyt 14.05 15.05 34.21 2.27 2.17 2.22 
Copperhead Mine, Bullfinch, Western Australia 14.19 14.92 33.80 2.21 2.38 2.30 
Inguladhal, Chitaldrug District, Mysore State, India 14.17 14.74 33.80 2.22 2.38 2.30 
Sioux Lookout, Ontario 14.05 14.92 33.85 2.27 2.35 2.31 
Steep Rock Lake, Ontariot 13.94 14.83 33.75 2.32 2.40 2.36 
Rosetta Mine, South Africa 12.65 14.27 32.78 2.85 2.87 2.86 


aging. 


* Average of results of four samples from Negus and Con Mines. The analyses were sufficiently similar to permit aver- 


t These isotopic analyses have not been published previously. We are grateful to KR. W. Boyle, A. M. Macgregor, and 


J. P. Marble for making these samples available. 


The equations of the abundance-time curves are (2) : 


Lm = (edr\'m—1) (la) 
Ym = b- V(er'tm— 1) (1b) 
Zm = W(eX"m—1) (le) 


where 2m; Ym; 2m} 4, 0, ¢ are the abundances relative 
to Pb*** of Pb?°, Pb?°7, and Pb?°S at times t,, and the 
present, respectively. V and W are the present relative 
abundances of U*** and Th?** with respect to Pb?%, a 
is the present ratio of U*** to U?%5, and A, 4’, and i” 
are the decay constants of U2**, U2%5, and Th?22. 

The values for a, b, c, V, and W were originally 
found by a least squares method (1, 2). The data 
which are most likely to be in error are the ages of 
the, samples, t,,. However, the values of a, b, and ec will 
be affected but slightly by changes in t,,. This is con- 
firmed by the fact that the values for a, b, and c from 
Alpher and Herman’s paper, based on different data 
and calculated with an incorrect decay constant, are 
within 144% of those found by Collins e¢ al. 

Furthermore, it is generally assumed that the fail- 
ure of lead isotope abundances to fit the theoretical 
curves is caused by variations in the distribution of 
lead, uranium, and thorium since the solidification of 
the earth’s crust. This would imply that the older 
lead samples should fit the theoretical curves more 
closely than the younger ones. It would therefore seem 
reasonable to use the data from older samples to esti- 
mate new values for V and W, while taking for a, b, 
and c the values found in (2). 

Expressions for the abundance-time curves can be 
obtained from the older lead ores, without assigning 
ages to them. Since the method does not depend on the 
actual values of ¢,,, it is not affected by uncertainty 
in their values. From equations la and 1b 


1 a~ Fm 

( al ) 

1 b- 
ta = (142522) 


Let 5,, be the difference of these two expressions for 


(2a) 


(2b) 
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t, and consider finding the value of V which mini- 
mizes 36,,2. Let V be an approximate value for V and 
5,, the corresponding approximate value of 4,,. For V 
we have taken 0.0714, the value found for V in (2). If 


AV is the difference between V and the value which 
minimizes £5,,?, then 


08 
bm = dm + 
The value of AV is found to be 


AV =- 35m (3+), 


The data used for the calculation are given in Table 
1. About one-half of these are the results of new iso- 
topic analyses carried out by the authors. All analyses 
were carried out at Toronto using the same 180° Nier 
type mass spectrometer. The results obtained for a 
calibration sample analyzed with this instrument are 
being published elsewhere (3). The following values 
(2) are used for the constants: a=18.45; b=15.61; 
4 = 0.154 x 10-°(yr)-*; 4’ = 0.980 x 10-*(yr)-*; a=139. 
It is found that AV = 0.0043, and hence V = 0.0757. 

A new value for W may now be obtained by apply- 

‘ ing a least squares analysis to equation 1c, assuming c 
known (= 38.40) and taking 4” = 0.0499 x 10-° (yr)~. 
We obtain 

W (ed”*™ 1)? 
The values for t,, are calculated from equation 2a, 
using the new value of V. The formula gives W = 36.5. 
The former value was W = 38.2. 

The changes that these new values produce in the 
form of the curves are shown in Fig. 1; the new curves 
are solid. The difference is encouragingly small; for 
example, the upper limit to the age of the elements 
given by the intercept of the Pb®°’/Pb?% curve with 
the time axis is changed only from 5.5x 10° yr to 
5.4x 10° yr. 

The ages obtained for the samples by fitting them 
to the Pb*°* /Pb?* and Pb*°*/Pb?™ curves are given 
in Table 1. These appear to be in reasonable accord 
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Fic. 1. Average lead isotope abundance-time curves. Broken 
curves after Collins et al. (2). Solid curves are those derived 
in this paper. 


with each other and with ages obtained by other meth- 
ods of geological dating. In Fig. 2 abundances of the 
lead samples are plotted against the mean ages. It is 
seen that they fit all three curves quite closely. This 
supports the hypothesis that the old leads should fit 
the curves fairly well. 

In conclusion, the results above would seem to show 
that the uncertainties in the ages that have been as- 
signed to common lead samples have not caused a very 
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Fic. 2. Isotopic abundances of old leads fitted to the abun- 
dance-time curves. 
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great error in the results obtained by Collins, Russell, 
and Farquhar. 
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An Effective Safety Pipette’ 


F. Lee Rodkey 


Department of Biological Chemistry, 
Harvard Medical School, Boston, Massachusetts 


The increasing use of radioactive solutions, suspen- 
sions of viable microorganisms and other hazardous 
liquids has created a need for accurate transfer of 
these materials by pipette without exposure to the 
operator. Several remotely controlled pipettes (1, 2) 
have been designed to fulfill this need. In addition to 
these remotely controlled pipettes, many scientific sup- 
ply houses furnish various devices labeled as “safety 
pipettes” to accomplish the same purpose. There are 
two serious difficulties with the available types of ap- 
paratus: (a) they are generally quite elaborate and 
expensive, and (b) the operator is unable to control 
the liquid in the pipette with any degree of accuracy. 
It is the purpose of this note to present a very simple 
and easily constructed piece of apparatus which elimi- 
nates the possibility of oral or cutaneous contamina- 
tion of the operator when transferring toxic or haz- 
ardous liquids, yet it maintains complete and accurate 
delivery control. 

The apparatus, as shown in Fig. 1, is constructed 
by sealing a piece of 5-mm OD glass tubing to a piece 
of 6-mm OD tubing in a T seal. The 5-mm tube is then 
bent to the form of a small h. The ends of the tube 
are cut to the specified length and fire polished. The 
side arm is connected to a rubber bulb of convenient 
size by means of a short piece of rubber tubing con- 
taining a glass bead large enough to completely close 
the rubber tubing. A short piece of rubber tubing is 
used to attach the apparatus to the pipette. The size 
of the rubber bulb is, of course, determined by the 
volume of the pipette to be used. A 14-0z bulb is con- 
venient for pipettes up to 5 ml and a 1-0z bulb is satis- 
factory for pipettes up to 25 ml eapacity. 

The use of the apparatus is very simple. One first 
opens the glass bead valve by squeezing the rubber 
tubing around it and expels the air from the rubber 
bulb by squeezing: Release of the bead valve when the 
rubber bulb is collapsed produces a “portable vacuum 
supply.” The tip of the pipette is then introduced 
under the surface of the liquid and the open top of 
the apparatus is closed with the finger tip. The pipette 
is filled by gently squeezing the glass bead valve. When 


1 This work was supported in part by funds received from 
the Eugene Higgins Trust through Harvard University. 
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Fic. 1. Diagram of a simple and easily constructed pipette. 


the liquid is drawn into the pipette to the desired level, 
the glass bead is again released. The meniscus is ad- 
justed and the contents of the pipette delivered with 
finger tip control as with an ordinary pipette. 

The apparatus described here does not fulfill the 
need for a truly remotely controlled pipette. It does, 
however, provide many advantages over the available 
types of safety pipettes. (a) It is simple in design 
and inexpensive. (b) One ean accurately control the 
delivery of any desired volume of liquid by varying 
the size of pipettes and rubber bulbs employed. (c) 
Smaller pipettes may be filled several times with a 
single emptying of the rubber bulb. (d) With prac- 
tice it is possible to accomplish the entire pipetting 
operation using only one hand. 


References 


1. Levy, H. A. Chem. Eng. News, 24, 3168 (1946). 
2. KISTELESKI, W. E., and Urcker, D. F. Science, 118, 102 
(1953). 


Manuscript received September 18, 1953. 


Local Refractometry of Cell Particulars 
with the Cylindrical Lens Microscope 


Jurgen Meyer-Arendt* 


Department of Pathology, University of Hamburg, 
Hamburg-Eppendorf, Germany 


Cylindrical lens systems, as used preferably in elec- 
trophoresis equipments, permit the direct registration 
of local refractive differences within mobile protein 
fractions. This ingenious registration method, as de- 
scribed by Philpot (1), Svensson (2), Wiedemann 
(3), and others, is suitable not only in electrophoretic 
problems but likewise for studies on resting bounda- 
ries and refractive gradients within anatomical micro- 
scopic specimens. While by other refractometrie meth- 
ods only the optical properties of one structure point 
after the other can be measured, the Philpot-Svensson 


1]-am indebted to H. Engel of the University’s Institute 
for General Botany for helpful suggestions. 
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method directly shows the refractive gradients, ies, 
the loval changes of the product of refractive index x 
thickness, of the microscopic structures within a ree- 
tangular area of the sample and records it. Therefore, 
the one dimension is available for automatically plot- 
ting a diagram of the refractive gradient, and the 
other dimension is nsed as abseissa to show position 
in the object. 

Generally, the usual Philpot-Svensson opties within 
an electrophoresis equipment reproduce an image of 
an area of 40-50 mm in height; in mieroelectropho- 
resis apparatuses the distance may be 10 times less, 
i.e., a few millimeters. For further biological studies 
it would be of value to increase the resolving power 
of the instrument or, accordingly, to minimize the 
strueture particulars which ean be analyzed by this 
method. 

For such studies the use of a cylindrical lens micro- 
seope (Fig. 1) is recommended. In this instrument the 
image of the entrance slit (2) is projected onto a 
revolving slit (5) by means of a schlieren objective 
(3, 4). The microscopic specimen (7) is placed be- 
tween the two symmetrical halves of the objective. 


Fit. 1. Scheme of the cylindrical lens microscope. 


A small area of the specimen, screened out mechani- 
cally, is projected by the lens (9) onto a focusing 
sereen (11) by means of the prism (15) or immedi- 
ately onto the film of a miniature camera (12). The 
oblique slit (5) is reproduced by the cylindrical lens 
(14) as a sharp, vertically arranged line seen as the 
bas: line in the final diagram, provided the micro- 
scopie specimen is optically empty. In this way each 
structure detail of the sample, based on differences 
of refractive gradients, leads to a lateral deviation 
from the above-mentioned baseline. 

If a microscopic specimen is put into such a eylin- 
drical lens system, a result is obtained such as that 
shown by Fig. 2. These schlieren graphs are taken 
from different, not fixed, and not stained tissue see- 
tions, cut at approximately 30 microns thickness. Each 
tissue has a relatively characteristic diagram. Homo- 
geneous biological tissue gives: relatively uniform dia- 
grams. Complexly composed tissues such as human 
parenchymatous organs give more complicated graphs 
difficult to interpret. On the other hand, simple model 
tests, such as thin glass threads in one or more im- 
bibition fluids, give simple graphs mathematically easy 
to explain (4). Keck (5) shows diagrams of skeletal 
muscle tissue of the isolated singular living muscle 
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Fic. 2. Cylindrical lens diagrams representing the refrac- 
tive gradients within a microscopic specimen: a, from a 
colloid-rich goiter; b, from skeletal muscle tissue; and ec, 
from epithelium tissue of Allium cepa. 


‘fiber and likewise of actomyosin obtained in the usual 


way. 

Figure 3 shows the minimal range from which the 
author was able to take a self-plotting diagram of 
refractive gradients formed by cylindrical lens optics. 
The photomicrograph is taken with epithelium cells of 


Fie. 3. Photomicrograph from epithelium cells of Allium 
cepa after experimentally induced plasmolysis. A part of 
one single cell is screened out. Below in the figure is the 
eylindrical lens diagram corresponding to the inserted 
rectangular area of the same cell as shown on the photo- 
micrograph above. 
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Allium cepa after experimentally induced plasmolysis. 
The plasmolysis was carried out according to Cholodny 
and Sankewitsch (6) by short evacuation of small 
parts of the upper concave epidermis and by immer- 
sion of the epithelium cells into a 0.025 M potassium 
chloride solution for 24 hr. Then the tissue was brought 
into a 0.75 M solution of saccharose in 40 min. The 
rectangle drawn in the photomicrograph signifies the 
area from which the cylindrical lens measurement ean 
be made. This area includes a part of only one cell. 
Within the cell two clots of the protoplast and a 
ghost of the nucleus are to be seen. The correspond- 
ing schlieren diagram of refractive gradients is given 
in the lower half of the photograph. Each detail of the 
cell structure corresponds to a part of the diagram. 

This is the smallest area that, at present, can be 
sereened for cylindrical lens measurements and ana- 
lyzed for self-plotting one-dimensional refractometrie 
studies by the usual Philpot-Svensson opties. The 
described method gives a more quantitative but less 
obvious result about local refractive gradients within 
a biological structure than colored phase contrast or 
schlieren methods, as published by Sailor-Brice-Zer- 
nike (7) and by the author (8). 
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A Technique for Collecting, Mounting, and 
Sectioning Airborne Particulate Material 


R. D. Cadle, A. G. Wilder, and C. F. Schadt 
Stanford Research Institute, Stanford, California 


The collection and identification of airborne par- 
ticulate material is an important part of many studies 
of the earth’s atmosphere. One of the most convenient 
and efficient methods for collecting such material is 
by filtration. However, if filtration is employed, it has 
usually been necessary to remove the particles from 
the filters in order to identify the material collected. 
Such removal is tedious and is usually not quantita- 
tive. 

Recently a technique has been developed in these 
laboratories for mounting and sectioning such par- 
ticles without removing them from the filters. The 
filters are rendered transparent in the process, which 
greatly aids in determining the optical properties of 
the sectioned particles. The filters used are the cellu- 
lose acetate-cellulose nitrate filters developed by Goetz 
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(1) and now sold commercially under the trade name 
Millipore filters.1 They filter mainly by a sereening 
action whereby the particles are deposited on the filter 
surface. These filters become transparent when 
mounted in a medium having approximately the same 
refractive index as the filters (about 1.50).2 Advan- 
tage is taken of this property by mounting the filters 
in methyl methaerylate. A filter on which particles 
have been collected is placed, collecting surface up, at 
the bottom of a hollow steel cylinder. Powdered methyl 
methacrylate is added and heated to about 150° C in 
a metallographic mounting press. A pressure of about 
6000 psi is then applied and the plastic is allowed to 
cool to at least 80° C. The transparent cylinder of 
methyl methacrylate is then removed from the press. 
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Fic. 1. Dust particles on a Millipore filter mounted at the 
surface of a cylinder of methyl methacrylate. Note that print- 
ing can be read on the page beneath the cylinder. The lines 
on the surface had been printed on the filter by the manu- 
facturer. Original diameter of cylinder was 2.5 cm. 


The now transparent filter and the particles collected 
on the filter are embedded in one end of the cylinder. 
The filter portion is now ground away to the plane 
of the particles and grinding and polishing continued, 
using standard metallurgical techniques, until the par- 
ticles are flat on one side. The plastic cylinder is then 
returned to the press, particle side up. A thick layer 
of powdered methyl methacrylate is placed on top of 
the particles, and the heating and pressing are re- 
peated. Instead of reheating the plastic cylinder in the 
press, as deseribed above, a second, particle-free, plas- 
tic cylinder can be prepared and cemented in place 
over the polished surfaces of the half-sectioned par- 
ticles. The cement used is a solution of methyl meth- 
acrylate in chloroform. The particles now lie in a 
plane bisecting a cylinder which is about twice its 
original length. Most of the plastie is eut away* from 
the unpolished side of the particles. The particles are 
then ground and polished into thin sections. Most of 
the remaining plastic is sawed and ground away, leav- 


1 Lovell Chemical Co., Watertown, Mass. 

2 Daylight, room temperature. 

*This can be done easily and accurately by means of a 
lathe. 
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ing the particles mounted in a thin disk of methy| 
methacrylate. This disk is cemented to a microscope 
slide to complete the preparation. The particles are 
now in a form convenient to study with a petro- 
graphic microscope or with chemical micrurgie tech- 
niques (2, 3). 

Figure 1 shows dust particles on a Millipore filter 
mounted in the surface of a cylinder of methyl meth- 
acrylate. Printing can be read on the page beneath the 
cylinder. Figure 2 is a photomicrograph of dust par- 


Fic. 2. Dust particles collected on a Millipore filter and 
sectioned in plastic. Transmitted illumination, crossed nicol 
prisms. 150 x. 


ticles collected on a Millipore filter and sectioned in 
plastic. A petrographic microscope was used and the 
anisotropic nature of several of the particles is ap- 
parent. 

Various modifications of this technique are undoubt- 
edly possible. Filters containing particles which would 
be altered by the heat and pressure of the molding 
process could probably be mounted by covering them 
with liquid monomers, or polymers, of the self-curing 
type. 
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Development of the ER-55 Projector* 


Mr. BEAN has described the ER-55 Projector so 
well, that there is practically nothing to be added. Still, 
I ean say something that he did not because of the 
modesty of an inventor. This is an extraordinary de- 
velopment. I would say even revolutionary, if this 
term has not been abused by commercial advertising. 

What is so extraordinary about this? Is it not just 
another scaled-up model of the Multiplex projector? 
Yes, it is! But, it has its own foundation and special 
features which required an insight, imagination and 
organizational daring. 

All these qualities were needed to make the engi- 
neering and managerial decision that it would be a 
good gamble to design a Multiplex-typé projector 
which would stand somewhere between the original 
Multiplex and its extremely ingenious modification 
designed by Kelsh. 

There were two relatively easy ways to the solution 
of the design problem. If something in between 
seemed promising, the swinging light source. as used 
by Kelsh, could be adapted without major difficulties. 
The other approach could be to use a sealed-up Mul- 
tiplex condenser. Mr. Bean rejected both available 
solutions because of good engineering reasons. He 
chose a third one, an entirely unexpiored and unusual 
approach. 

Some people may say that there is nothing unusual 
in utilizing an elliptical reflector as a condensing 
element. Correct! Elliptical reflectors have been used 
for a very long time, and one may add that off-axis 
aspherical reflectors, such as paraboloids, also have 
been used. But at least I do not know of any previous 
application of an off-axis ellipsoid as a condenser in 
a precision wide-angle system. Its incorporation in 
the illuminating system was a daring decision by the 
research and development section of the U. S. Geo- 
logical Survey. This decision was made, so far as I 
know, despite some warnings by qualified optical men 
that the system may not produce satisfactory results. 
Even I, despite my curiosity for exploring the un- 
known, and my usual optimism, could not go in my 
discussions with Mr. Bean, any further than to say 
that, of course, the reflector will throw a large quan- 
tity of light on the diapositive, but this light would 
probably be distributed in zones which may not be 
tolerable. As we can detect now, there are some illu- 
mination zones in the projection plane. However, they 
are hardly perceptible in the image of the terrain. To 
me, a curious optical man, the most unfortunate fact 
is that these zones apparently originate from the 
optical imperfections of the glass of the bulb. I would 
like to break that bulb, just to see what the reflector 
does by itself. 

With the excellent general background of this de- 


1 Based on a comment made at the 19th Annual Meeting, 
American Society of Photogrammetry, following an address 
by Russell K. Bean (see pp. 484-86 of this issue). 
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Comments and Communications 


velopment, two minor critical remarks should not 
sound too discordant. 

Mr. Bean said that it was obviously necessary to 
increase the size of the diapositive in order to obtain 
better resolution, and he referred to some computa- 
tions substantiating this statement. I have not seen 
them, but I know that computations of this nature can- 
not be entirely reliable. The final proof should be in 
actual measurements. Quantitative data were not 
given in Mr. Bean’s paper. This is a fault. However, 
I make this remark purely for its rhetorical value. 
Even without such data, we may expect that, provided 
a good optical system is used, the image produced by 
the ER-55 Projector should be better than we observe 
under the Multiplex. The major factor is the larger 
ultimate image scale of the former. Many recent in- 
vestigations, particularly those conducted at the Bos- 
ton University Optical Research Laboratory under the 
direction of Dr. Duncan E. Macdonald, indicate that 
many factors besides resolution of minute detail, are 
of importance for satisfactory recognition of images; 
among these factors, magnification occupies a place 
of prominence. It should not be forgotten that in 
using a photogrammetric system we are primarily 
concerned with the ability of the operator to detect 
and recognize significant detail rather than about 
some abstract evaluations of optical resolution. 

My second criticism is directed toward the implica- 
tion by Mr. Bean that an elliptical reflector has an 
inherent advantage over a refractive condensing sys- 
tem because the latter is afflicted with aberrations. 
Please be assured that the original Multiplex conden- 
ser is a system with an excellent correction of mono- 
chromatic aberrations, and that its chromatic aberra- 
tions have been reduced to an acceptable minimum. 
An elliptical reflector is inherently achromatic, but its 
monochromatic aberrations are not negligible when a 
source of substantial size is used. 

Then why do we have more light with the ER-55 
Projector? The answer is not simple. Forgetting some 
usual fallacies about condensing systems, the basic 
factors which determine the usable light in a projec- 
tion system are: the magnification, the f-number, the 
transmittance losses, and the brightness of the source. 
The same source is used in both the standard Multi- 
plex projector and in the ER-55. The product of the 
magnification and the f-number is the same for both. 
(The magnification of the U.S.G.S. Multiplex pro- 
jector is 12, and its f-number is about 12; the mag- 
nifiecation of the ER-55 is about 9, and its f-number 
is 16; the product is 144 for both.) The only factor 
that apparently can account for the difference in 
illumination is the different transmittance losses of 
the two systems. Another hidden factor may be in the 
possibility that the ER-55 utilizes a more favorable 
aspect of the source filament, with the resultant in- 
crease of the actual collected light. It would be an in- 
teresting project to investigate the theoretical and 
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empirical causes of the increased amount of the pro- 
jected light by the ER-55 Projector. And, of course, 
it would be highly desirable to have quantitative data. 

Mr. Bean properly gave the credit to all those who 
participated in the development of this new tnusual 
device. For historical interest, I may add that several 
years ago the possibility of utilizing an elliptical re- 
flector was diseussed with me by the members of the 
Engineer Research and Development Laboratories at 
Fort Belvoir, and that I was rather pessimistic about 
this idea. However, the Fort Belvoir project did not 
envision an off-axis ellipsoidal reflector such as Mr. 
Bean had in progress. As I understand, the project 
was never given sufficiently high priority and even- 
tually was abandoned. 


1 may emphasize also the very excellent work done 
by the Corning Glass Company in overcoming the 
difficulties involved in producing a very satisfactory 
glass blank; by the Fecker Company in finishing the 
blank to an accuracy usually unobtainable for such 
products in ordinary manufacturing practice; and by 
the Silver Shop in producing replicas of excellent 
optical quality. 

Summarizing, I may say that this is a new develop- 
ment which may become another milestone in the his- 
tory of optics and of photogrammetric instruments. 
35 Everett Street 
Sherborn, Massachusetts 


K. Pestrecov 
Received January 19, 1953. 


A Scintillation Counter for the 
Measurement of Weak £8 Rays 


RecENT publications (1-4) have emphasized the 
value of the liquid scintillator technique for the meas- 
urement of B rays in general, but more especially of 
those emitted by C'™ and H* whose detection and 
counting was, up to now, a painstaking job. A de- 
scription of the counter that we have been using for 


that it would hold powerful organic solvents; this diffi- 
culty was overcome with Teflon flat rings. (b) Getting 
good optical transmission from the container to the 
photocathodes; this was partly achieved by means of 
a lucite disk carved on one face to fit the tube head 
of the photomultiplier and stuck to it with Canada 
balsam. (c) Getting the proper chemicals which, to 
our knowledge, are produced neither in France nor 
in Germany; thus far we have used the rather ineffi- 
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several months may be of interest to those attempting 
to systematize the method. 

Our assembly (Fig. 1) consists essentially of a mov- 
able brass chassis in a light-tight brass box. The chassis 
is provided with a plywood receptacle into which a 
small cylindrical brass container with Pyrex or quartz 
faces can be fitted. In the off position one can either 
put the container into or remove it from the receptacle, 
while no light falls on the photomultiplier tubes. In 
the on position one finds the container between the 
sensitive areas of the tubes and, with proper electronic 
circuitry, gets only coincidence pulses from the system. 
The box is built in such a way as to permit adjust- 
ment of the space between the tubes. 

We had to face three main problems: (a) Making 
a liquid-tight container, with due regard to the fact 
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cient a-naphthylamine dioxane mixture for the meas- 
urement of HTO samples with, however, encouraging 
results. 

Jean-CLaupe Rovcayrou 
Laboratoire de Physique médicale 
Faculté de Médecine de VUniversité de la Sarre 
Hombourg, Sarre 
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A Potential Hazard in Flame Photometry 


THE necessity of a clean source of air or of adequate 
filtering to prevent cationic contamination of com- 
pressed air used in flame photometry has frequently 
been stressed. Recently we had an experience with a 
type of contamination that affects the operator rather 
than the results. 

One day, shortly after the burner of our flame pho- 
tometer was lighted, an acid odor, as of nitrie or hy- 
drochloric acid, began appearing in the room and one 
of the technicians developed a headache. No contami- 
nation of the instrument with acid could be found, and 
the odor continued even after thorough rinsing of the 
atomizer system. The effluent gas from the burner 
chimney rapidly produced the acid color on moistened 
indicator paper, and this effluent had a strong acid 
smell. The compressed air going to the instrument was 
noted to have a somewhat oily odor but none of the 
acid smell. When a change was made from the central 
air line to a small compressor in the room, the acid 
odor disappeared from the chimney and the effluent 
gas no longer caused a change of the color of the in- 


dicator paper. Consultation with the engineers regard- 
ing possible contamination of the air supply disclosed 
that nothing had been done to the air compressor or 
lines. However, on the day previous, during the search 
for a leak in the refrigeration equipment, some 
Freon-12 (CCl,F,) had been lost. Since this was in 
the same room with the air compressor and its intake, 
some of the Freon had entered the compressed air 
tank. This gas was decomposing in the burner of the 
flame photometer, liberating irritating gases such as 
HF, HCl, chlorine, and phosgene. When the central 
compressed air supply was vented outside for a time, 
a later test no longer showed it to produce acid. Thus, 
obviously care must be taken to prevent access of 
Freon or other halogenated hydrocarbons to the air 
supplied to gas burners, to avoid the formation of 
irritating toxie products. 

Ferrin B. MorRELAND 
Veterans Administration Hospital 
Houston, Texas, and 
College of Medicine, Baylor University 
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Modern Radiochemical Practice. G. B. Cook and J. 
F. Dunean. New York: Oxford Univ. Press, 1952. 
407 pp. Illus. + plates. $8.50. 


This book has been written for the purpose of pro- 
viding a detailed guide to radiotracer methodology. It 
is directed toward students and research workers who 
have taken a beginning college course in radiochem- 
istry and who have an elementary knowledge of 
nuclear structures and properties. For members of 
these groups who wish to learn more about the prac- 
tical problems of methods and instrumentation which 
must be mastered for successful work in radiochem- 
istry, this text will be extremely helpful. 

Dr. Cook and Dr. Dunean have divided their text 
into seven chapters. The first chapter is an outline of 
the scope of radiochemistry and familiarizes the stu- 
dent with the principal operations involved in the 
separations of mixtures of radioisotopes, and with 
the many ways in which such isotopes are used in 
chemical investigations. The second chapter reviews, 
in considerable detail, the types of radiations emitted 
by radioisotopes, the laws of radioactive decay, and 
the methods used for determinations of energies and 
half lives. The third and fourth chapters describe the 
various types of equipment employed to measure radia- 
tion, their construction, operation, and advantages and 
disadvantages for a given type of radiation. Chapter 
five reviews the methods used for the production of 
radioisotopes (with particular attention to the very 
important nuclear reaction of slow-neutron capture), 
the choice of target material, calculations of yields, 
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and the separation of radioelements- by the Szilard- 
Chalmers reaction. Chapter six describes the tech- 
niques and errors involved in comparative and abso- 
lute counting of 6 activity in solids, liquids, and gases. 
In chapter seven the authors deseribe the laboratory 
designs and the health precautions necessary for the 
safe handling of radioisotopes. A final section (67 pp.) 
of the book presents 30 experiments designed to ac- 
quaint the student with some of the important tech- 
niques and concepts of radiochemistry. These experi- 
ments are very well designed and comprise a fine 
manual for a laboratory course. 

An example of the authors’ excellent presentation of 
the practical aspects of radiochemistry is the inclusion 
(in chaps. IV and V) of tables which show the com- 
mon faults observed in the performances of Geiger 
counters, preamplifying units, sealers, and power 
packs. These tables list systematically the symptoms 
of, the possible causes of, and (most important) the 
remedies for these various faults. 

The book is very readable, both from the stand- 
point of clarity of presentation and of the typography, 
and it is remarkably free from typographical errors. 
The only technical error noticed, and it is of small 
consequence, is that the value of E,,,, for C'* is given 
as 0.158 Mev on page 157 whereas on pages 222 and 
254 it is given as 0.14 Mev. This book should be of 
considerable value to anyone interested in the subject 
of radiochemistry. 

Ricuarp M. Lemmon 
Radiation Laboratory 
University of California, Berkeley 
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Chemical Process Machinery. 2nd ed. E. Raymond 
Riegel. New York: Reinhold, 1953. 735 pages. Illus. 
$12.50. 


Chemical engineers and practicing chemists will wel- 
come the appearance of the new edition of another 
text of Professor Riegel. This edition has brought the 
show window of chemical process equipment abreast 
of current development. Scores of drawings, photo- 
graphs, and tables are generously given to make the 
description of machinery readily understandable. 
Throughout the book there are 597 figures and 92 
tables. 

New materials have been added in almost every class 
of process equipment in this edition. In the second 
chapter on “Devices for the Dry Reduction in Size of 
Solid Materials,” two new crushers manufactured by 
Allis-Chalmers and a newly developed ball mill are 
presented. Numerous magnetic separators and related 
devices using permanent magnets instead of electro- 
magnets are the new features in Chapter 3 on “Sereen- 
ing and Grading Equipment.” Other equipment which 
has been included in subsequent chapters are: “Zip- 
per,” a closed belt conveyor; newly developed multi- 
sphere for gas storage under high pressure; several 
new chemical pumps; proportional feeder containing 
a Pitot tube; the Lapp Pulsafeeder; multiclone; P-A 
cyclonic scrubber and P-A Venturi scrubber; electro- 
matic air filter; the string discharge rotary vacuum 
drum filter; drum suction filter of panel type; cen- 
trifugal filters; continuous operating separators and 
clarifiers; Conkey integral evaporator which is a long- 
tube evaporator with natural circulation and is a self- 
supporting type manufactured by General American 
Transportation Corp.; Conkey flat heating surface 
evaporators with the Rosenbled channel switching sys- 
tem; downflow, low-temperature evaporators suitable 
for handling fruit juices; turbo-drier of rotating 
shelves; bubble cap and tray construction; continuous 
erystallizer of Krystal System which also produces a 
classification of the crystals. 

Entirely new treatment is devoted to the funda- 
mentals of distillation and fractionation and the mix- 
ing of liquids. The materials included for the first itme 
are molecular distillation, absorption refrigeration, 
and new methods of measurements and automatic in- 
strumentation. In the chapter on “Devices for Heating 
and Cooling,” Riegel has given a comprehensive intro- 
duction to the application of atomic energy to the 
power generation. 

Although descriptions of a few important pieces of 
processing machinery and notes regarding recent de- 
velopments are missing in the book, it has fulfilled its 
purpose as a text of chemical process machinery and 
it gives a logical treatment from the standpoint of their 
application. The coverage is comprehensive and up to 
date. The book is recommended as a text to chemical 
engineering students. For practicing engineers and 
manufacturing chemists, the book should prove to be 
extremely useful in the selection of equipment for 
processing needs. 
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For a number of years the selection of a text in 
processing equipment for chemistry students who are 
minors in chemical engineering has been a difficult 
probiem. The ordinary text in chemical engineering 
seems to be too quantitative to stimulate the interest 
of chemists who are not prepared for equipment de- 
sign. A satisfactory solution is now provided by 
Riegel’s book which, however, contains just enough 
numerical illustrations for more insight to the equip- 
ment. 

In all chemical plants and most petroleum refineries, 
the most important piece of equipment is the reactor 
in which chemical reactions are taking place. The 
initial investment in a reactor usually accounts for a 
major percentage of the total cost of a plant. The 
performance of a reactor has been a day-to-day con- 
cern to chemical engineers supervising a plant. So far 
the deserpition of this important chemical processing 
equipment is missing in texts and books dealing with 
chemical processing equipment. 

In congratulating Professor Riegel on his contribu- 
tion, this reviewer would like to suggest the inclusion 
of chemical reactors in the next edition of Chemical 
Process Machinery. 

Ju Cur 
Department of Chemical Engineering 
Polytechnic Institute of Brooklyn 


Speech and Hearing in Communication. 2nd ed. of 
Speech and Hearing. Bell Telephone Laboratories 
Series. Harvey Fletcher. New York—London: Van 
Nostrand, 1953. 461 pp. Illus. $9.75. 


This is a highly authoritative and inclusive account 
of present-day knowledge of speech and hearing—with 
a little about language as well—in particular applica- 
tion to the operation of communications systems. Dr. 
Fletcher as a young man had something to do with 
measuring the charge of the electron, but after he 
joined the Bell Telephone System in 1916 his work 
turned to acousties; he was an early president of the 
Acoustical Society of America. Since his retirement 
from the post of Acoustical Research Director of the 
Bell Telephone Laboratories he has returned to his 
native Utah to become Director of Scientifie Research 
at Brigham Young University. He is heartily to be 
congratulated for having organized so well in this 
book, not only the massive results of 35 years of in- 
vestigation by agencies of the American Telephone 
and Telegraph Company, but also the many essential 
contributions from other laboratories and writers. 
References to all this work abound, and there are both 
name and subject indices. 

The book is recommended to students and teachers 
of speech, to audiologists and otologists concerned with 
hearing, as well as to communications engineers who 
deal with the multifarious applications of such infor- 
mation. It supplants Fletcher’s first book on these sub- 
jects, which was published many years ago. 

Communications engineers have to make their living 
out of tiny amounts of energy. “Joe took father’s shoe 
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bench out.” “She was waiting at my lawn.” These two 
testing sentences contain all the fundamental sounds 
which contribute appreciably to the physical power of 
English speech. Spoken in ordinary tones by a typi- 
cal voice they represent no more than 1000 ergs of 
energy in the sound waves. For comparison, a little 
25-watt light bulb uses up energy at the rate of 214 
billion ergs every 10 seconds—so it would take the 
continuous chatter of 24% million people to keep even. 
When speech must be transported by wire or radio to 
great distances the layman should not accept the mat- 
ter so casually. (Too bad that so much of what people 
have to say is less wonderful than the machinery which 
permits them to say it.) 

Chapter 14 entitled “Space-Time Pattern of Hear- 
ing” is especially significant. Fletcher presented this 
first in 1930, and now considers that “the experimen- 
tal data that have accumulated since then indicate that 
the main parts of the theory are correct.” He regards 
the observations of Békésy as having left “no doubt 
as to the general mechanical behavoir of the cochlea.” 

The book is handsomely printed, with many mathe- 
matical equations and diagrams. 

JOHN Q. Stewart 
Princeton University Observatory 


The Science of Color. Committee on Colorimetry of 
the Optical Society of America. New York: Crowell, 
1953. 385 pp. Illus. + plates. $7.00. 


In 1922 a Committee on Colorimetry, under the 
chairmanship of Leonard T. Troland, published a 
report on colorimetry in the Journal of the Optical 
Society of America and Review of Scientific Instru- 
ments. That report defined a clear and consistent ter- 
minology in the field of colorimetry; summarized the 
available physical, psychophysical, and psychological 
data relating color to its stimulus conditions; and out- 
lined the principal methods of color measurement. At 
the time of its publication, the 1922 report was the 
most complete and authoritative compilation of mate- 
rial in the field of colorimetry. It stood for years as 
the outstanding reference source on this subject. 

Some years ago the Optical Society recognized that 
the 1922 report was in need of revision and, in 1933, 
a new committee, under the chairmanship of Loyd A. 
Jones, was appointed to revise the earlier work. This 
newer committee comprising 23 of the most distin- 
guished names in color science, has been at work since 
1933. The present volume represents the results of 
their efforts. 

The Science of Color contains nine chapters: From 
the Art of Coloring to the Science of Color; The Con- 
cept of Color; Anatomy and Physiology of Color 
Vision; Psychological Concepts: Sensory Aspects of 
Color; Psychological Concepts: Perceptual and Affee- 
tive Aspects of Color; Physical Concepts: Radiant 
Energy and Its Measurement; Psychophysics of 
Color; Quantitative Data and Methods for Color- 
imetry; and Colorimeters and Color Standards. There 
follow some 600 references and 22 pages of an un- 
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usual Glossary-Index. Terms are not only listed and 
indexed; they are also defined. 

No review would be complete if it failed to men- 
tion the wealth of illustrative and tabular material 
in the book. There are 25 handsome color plates, over 
100 black-and-white illustrations, and 40 tables. As in 
the 1922 report, the great amount of quantitative 
material presented in the tables and in some of the 
illustrations guarantees that this will be a standard 
reference on colorimetry for many years to come. 

For all that, The Science of Color is likely to leave 
the expert a little disappointed in ways of varying 
importance, some small, some large. The first chapter, 
for example, devotes a considerable amount of space 
to some archeological findings and to the use of color 
in prehistoric and ancient art. This is all very inter- 
esting, but one wonders if the space should not have 
been more suitably devoted to a better coverage of 
quantitative data on the sensory aspects of color, or 
even to a fuller discussion of the scientific beginnings 
of the study of color (accorded a scant 4 pages of the 
29 comprising the first chapter). 

Then there is the matter of the references which, 
despite their impressive number, are limited in value 
because they are not indexed. At the very least, they 
might have been listed alphabetically by author. 

One might go on and list a number of more minor 
annoyances, inaccuracies, and the like, but to do so 
might only be an indication of the reviewer’s per- 
fectionistic expectations. This is an outstanding book 
in the field of color. Of that there ean be no doubt. If 
you work with color or want to study it scientifically, 
you cannot afford to miss it. 

A. CHAPANIS 
Bell Telephone Laboratories 
Murray Hill, New Jersey 


Scientific Book Register 


Atomic Weapons in Land Combat. G. C. Reinhardt and 
W. R. Kintner. Harrisburg, Pa.: Military Service 
Pub., 1953. 182 pp. Illus. $3.95. 

Tables of Normal Probability Functions. (Reissue of 
Mathematical Table 14, with corrections.) National 
Bureau of Standards Applied Mathematics Series 23, 
1953. Prepared by New York Mathematical Tables 
Project. Order from Government Printing Office, Wash- 
ington, D. C, 344 pp. $2.75. 

Medical Schools in the United States at Mid-Century. 
John E. Deitrick and Robert C. Berson. New York- 
London: McGraw-Hill, 1953. 380 pp. Illus. $4.50. 

The Green and Red Planet. A physiological study of 
the possibility of life on Mars. Hubertus Strughold 
with assistance of Green Peyton. Albuquerque: Univ. 
New Mexico Press, 1953. 107 pp. Illus. + plates. $4.00. 

Mathematical Aspects of the Quantum Theory of Fields. 
(Pub. from N.Y.U. journal Communications on Pure 
and Applied Mathematics, 1952-53.) K. O. Fried- 
richs. New York—London: Interscience, 1953, 272 pp. 
$5.00. 

Motivation and Morale in Industry. Morris 8. Viteles. 
New York: Norton, 1953. 510 pp. Illus. $9.50. 
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Mosby Books 


Krajian-Gradwohl’s 


HISTOPATHOLOGICAL TECHNIC 


Second Edition 


Both authors of this book have their own laboratories. Thus, in addition to standard 
accepted methods, many very important original procedures are set forth here that will 
not be found in any other text on the subject. 


Teachers and students have referred to it as “excellent” and “thoroughly useful”—for 

it is complete, clear and well organized. 
“The text is clearly and concisely written; directions given for the various methods are easy to follow. An 
excellent new section on the “Use and Care of Microtome Knives” contributed by a collaborator has been 


added to this second edition. There are also new sections on the ‘““Technicon” and its use, and on methods 
for the cytologic diagnosis of cancer. 


“The format and printing are excellent.” —GP, September, 1952 


By ARAM A. KRAJIAN, Sc.D., Formerly in Department of Pathology, Los 
Angeles County General Hospital, Los Angeles; and R. B. H. GRAD- 
WOHL, M.D., Pathologist to Christian Hospital, St. Louis. Second Edition. 
362 pages, 131 illustrations (7 in color). Price, $6.75 


wes CLINICAL LABORATORY METHODS 


Fourth Edition 
Bray’s book is known and liked for its compactness and for its easily accessible informa- 
tion on most frequently used laboratory tests and their interpretations. 


“Careful selection of material, concise expression, logical organization, purposeful illustration and skillful 
typography are combined in this excellent work. The result is a volume having the quality and function of 
a full reference in its field, within the dimension and cost of a synopsis. . . . The book is highly 
recommended as a practi¢al guide to laboratory diagnosis and as a teaching reference for clinical pathology 
and medical technology.” —American Journal of Clinical Pathology 


By W. E. BRAY, B.A., M.D., Professor of Clinical Pathology, University of 


Virginia. Director of Clinical Laboratories, University of Virginia Hospital. 
Fourth Editon. 616 pages, 119 llustrations (18 in color). Price, $7.75 


Send orders and teacher inquiries to 3207 Washington Blvd., St. Louis 3, Missouri 


Published by— The C. V. MOSBY Company 


Scientific Publications 


SAINT LOUIS SAN FRANCISCO NEW YORK 


October 23, 1953 
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SCINTILLATION COUNTERS 


By J. B. Brxs, Rhodes University, South Africa. Electronics and Waves Series. 148 pages, $4.50 


This is the second publication in the Electronics and Waves Series, sponsored in London by Perga- 
mon Press, Ltd. The first book of its kind, it is a complete review of the most important and versatile 
instrument in modern nuclear research, and is of value to graduate students and research workers in 
nuclear physics, physical chemistry, organic chemistry, and medicine as well as of importance for many 
industrial, agricultural, biological, and other applications of radio-isotopes. All factors influencing the 
performance and use of scintillation counters are discussed in detail. 


MAGNETIC AMPLIFIER CIRCUITS 
By WiiuiaM A. Geycer, U. S. Naval Ordnance Laboratory, White Oak, Maryland. In press 


A practical exposition of the fundamental principles, characteristics, and applications of magnetic 
amplifier circuits. Material is classified according to circuit functions. Develops logically the various 
kinds of basic and more complex circuit arrangements, with as much emphasis as feasible on experi- 
mentally observed phenomena. Extended mathematical considerations and cumbersome proofs are 
avoided. For the most part, descriptive and graphical methods are used to give a qualitative interpre- 
tation of the essential facts. 


INTRODUCTION TO ELECTRON MICROSCOPY 


By Cecit E. Hatt, Massachusetts Institute of Technology. International Series in Pure and Ap- 
plied Physics. 434 pages, $9.00 


Here is a systematic treatment for courses on the theory and uses of the electron microscope. Subject 
matter includes an outline of elementary electron optical theory, discussions dealing with the con- 
struction and properties of electron lenses and electron microscopes, the interactions of electrons 
with matter, and the characteristics of electron images. The largest chapter contains detailed descrip- 
tions of techniques for the preparation of specimens. 


INDEX 
Massachusetts Institute of Technology Radiation Laboratory Series 
Edited by Kerrn Henney, Editorial Director of Electronics and Nucleonics. 160 pages, $4.50 


This invaluable index contains a complete guide to the entire series. But it is more, too, for it tells 
the whole story of the Radiation Laboratory. Karl T. Compton who led the Division of the National 
Defense Research Committee which established the Radiation Laboratory tells of its beginning and 
development. Lee A. DuBridge who was Director of the Radiation Laboratory includes a history of its 
organization, describing the activities and advancements, and a discussion of its functions which went 
much further than research. And Louis N. Ridenour, the Editor-in-Chief of the Series, discusses the 
whole preparation from the beginnings to publication. 


ENGINEERING ELECTRONICS 


By G. E. and Witrrep M. Purdue University. McGraw-Hill Series in 
Electrical and Electronic Engineering. 508 pages, $7.50 
A text for beginning electronics, this book is aimed at those students who wish to specialize in com- 
munications, servomechanisms, electronics, and power. It combines a theoretical and practical treat- 


ment as background material for further detailed study or for engineering applications in the non- 
specialized field. 


22 Scrence, Vol. 118 


; 

\ im A 

: 
\ \ /Vvew 

3 

| 

| 

4 

4 


PRINCIPLES OF NUMERICAL ANALYSIS 


By Atston S. HousrHoxper, Oak Ridge National Laboratory. International Series in Pure 
and Applied Mathematics. 274 pages, $6.00 


Here is a senior-graduate text which develops the mathematical principles upon which many com- 
puting methods are based and in the light of which they can be assessed. Directed primarily toward 
digital computation the book is designed to give a unified treatment rather than a complete catalogue 
of methods. Treatment is primarily theoretical. Techniques for making estimates of errors are indi- 
cated wherever possible. Functional equations as such are not discussed, but emphasis is placed upon 
the methods of solving the finite systems and performing the interpolations which are required in the 
digital solution of functional equations. 


HIGHER TRANSCENDENTAL FUNCTIONS, Volume I! 
By A. Erpery of the Bateman Project Staff, California Institute of Technology. In press 


This is the second volume of a four-volume set being published in coordination with the California 
Institute of Technology. This volume contains chapters on Bessel functions and related functions, er- 
ror functions, exponential, sine, cosine integral and related functions, parabolic cylinder functions, 
orthogonal polynomials, elliptic functions and integrals. 


STABILITY THEORY OF DIFFERENTIAL EQUATIONS 


By Ricwarp Bettman, The Rand Corporation. International Series in Pure and Applied Mathe- 
matics. Ready in October. 


Original work and research keynote this outstanding new graduate text on an important aspect of 
advanced mathematics. A self-contained volume, it furnishes an introduction to the modern theory of 
stability and asymptotic behavior of solutions of linear and non-linear differential equations. 


INTRODUCTION TO THE THEORY OF GAMES 
By J. C. C. McKinsey, Stanford University. 382 pages, $6.50 


Deals with the mathematical theory of games of strategy. The mathematical apparatus developed by 
the author will find application not only in the pure form of parlor games of strategy (chess, bridge, 
poker, etc.), but also in economics, statistics, and the theory of military strategy. The author covers 
this new field comprehensively, including both finite and infinite games and games with more than 
two players. 


THE COMPLEAT STRATEGYST 
By Joun D. Wiiuiams, Rand Corporation. Ready in January 


In a light, humorous, and easily readable style, this book covers an elementary explanation to the 
theory of games and methods for its application to problems involving conflict situations which re- 
semble games. The theory is presented without use of anything higher than secondary school arithme- 
tic, and worked out examples of its application to situations ranging from checker and card games to 
business problems and military strategy are included. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, INC. 


330 WEST 42n0 STREET, NEW YORK 36, N. Y. 


October 23, 1953 


The Original 


VOLUMETRIC 
FRACTIONATOR 


Constant volume (1 to 25 c.c.) per sample 
—not possible with drop counter, as drop 
size changes. An illuminated glass cylinder 
is filled to the level of a phototube which is 
adjustable in height. The phototube actu- 
ates a mechanism which opens a glass ball 
valve and empties the cylinder. 


Column and stainless steel volumetric ap- 
paratus stationary. 


A simple mechanism moves the spun stain- 
less steel test tube rack in a combined 
rotation and straight line motion to produce 
a smooth continuous spiral arrangement of 
200 tubes. 


Send for data on 


GME - LARDY WARBURG 


THIS 


POLAROID) poi aRizinG SET $7 


Turns any microscope 


intoa POLARIZING MICROSCOPE 


With this simple, inexpensive set of Polaroid Filters you can 
quickly convert any standard laboratory microscope (American 
or European) into an efficient POLARIZING MICROSCOPE 

Analyzer Disc (A) is installed in eyepiece by unscrewing the 
eye lens assembly, and one of the Polarizer Discs (B) is placed 
in either the slotted opening under the sub-stage condenser or 
in the circular depression provided in the swing-out arm. 

Ideal for classroom experiments and tests—on slide-mounted _ 
specimens of the mariy materials affected by polarized light. 

Sold through leading laboratory supply houses. 


For further information 
SCIENTIFIC CORPORATION | "Polaroid Laboratory 
products write for de- 

Great Neck scriptive catalogue — 

New York F-621. 


@® by Polaroid Corp. 


714 Market Place 
MADISON 3, WIS. 


New Products Now Available 


URICASE 
LIPOXIDASE 
ARGINASE 
LYSOZYME 
PECTIN ESTERASE 


EMULSIN 


specifications on request 


WORTHINGTON BIOCHEMICAL SALES CO. 


Freehold, New Jersey 
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WARBURG APPARATUS 


as 1928, over a quarter of a century ago, we at 
E. Machlett & Son first offered the scientific world 
Warburg apparatus. Foremost in our minds since 
that time has been to supply only the finest equip- 
ment available as well as offering complete main- 
tenance service—a service that included the utiliza- 
tion of our highly skilled glassblowing shop for the 


“Precision” 20 unit Circular Apparatus 

Precision 20 unit circular Barcroft-Warburg apparatus 
illustrated above provides an excellent combination of 
simplicity, sturdiness and economy. With speeds adjustable 
from 50 to 150 oscillations per minute and a stroke ampli- 
tude adjustable from 0 to 4 cm, this apparatus holds 20 
standard Warburg ters, yet pies only 27” x 
27” of table space. 

A double-walled insulated bath reduces radiation losses 
and enables rigid temperature control from ambient to 
60° C Stainless steel exterior lends attractive appearance 
and is easy to clean. 


The New “Bronwill” Model USL 


Representing the ultimate in design and 
workmanship, the “Bronwill” model USL 
offers unprecedented accuracy and versa- 
tility. And an added feature of the USL 
is a built-in light source for radiation 
studies. 

With temperature consistency of 0.005° C and both 
shaking frequency (0 to 220 strokes per minute) and 
amplitude (0 to 8 cm) steplessly adjustable, the most 
exacting studies can be duplicated. 

This model also incorporates an unusual manometer 
design which greatly facilitates accurate readings. Each 

ists of 2 capillaries only 2 mm apart in a 
single tube. Since these are both read on the same scale, 
simpler more accurate readings can be made. 

For further information about these two instruments 
or other models of the “Bronwill” or “Precision” lines, 
write Machlett today. Remember if your need is a War- 
burg, Machlett has the answer. 


MACHIET 


220 East 23rd Srr 
APPARATUS 


SUPPLIES: «+ 


manufacture and repair of glass manometers and 
vessels. 

As a result of this sales and service policy, there 
are today hundreds of satisfied users of Machlett 
supplied Warburg equipment and accessories both in 
laboratory and research institutions throughout the 
world. 

And here are two examples of fine equipment 
that have made the name “Machlett” synonymous 
with Warburg apparatus: 


TT & SON | 


New 10, N. 


CHEMICALS 
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NEWEST! 
SAFEST! 
MOST FOOLPROOF 


GUARANTEED MICROSCOPE 


MODEL GB, STUDENT MICROSCOPE 


Designed to be as foolproof as possible even in the 
beginners hands. Base extends beyond objectives 
thereby protecting parfocalism—also other safety 
features. 


Write for descriptive circular. 
Old microscopes accepted in trade 


MODEL GB, EQUIPPED AS FOLLOWS: 
10x Huyghenian Ocular 
Achromatic Objectives: 
16 mm (10x) and 4 mm (44x) 
Double dustproof Nosepiece 
Disc Diaphragm 
Plano-concave Mirror 

$118.00 cach. Less 10% on 5 or more 


THE GRAF-APSCO CO. 
5868 Broadway Chicago 40, lil. 


BLOOD TYPING 
Serums and Reagents 


For Classroom Demonstrations 


and Research 
Anti-A In complete Kits for demon- 
Anti-B strations of human individ- 
Anti-M uality; Mendelian _ inheri- 
Anti-N tance; to distinguish fraternal 
Anti-Rh and identical twins; for stud- 
Anti-Hr ies on linkage in man. 


Write today for complete details 


CERTIFIED BLOOD DONOR SERVICE 


Ss} 146-16 HILLSIDE AVE., JAMAICA 35, N.Y. + JAmaica 6-2863 


G.A.B. Interference Filters 


(Made in Switzerland) 
for isolating narrow spectral bands 


| 


{it 


iit 


il 


—— 
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== 


500 $50 600 ~ 
WAVE LENGTH mp 
Spectral Range: 400-900 millimicrons 
Spectral Width: 2-15 my, Transm.: 45-50% 
Size: 2” x 2”. Other sizes on order. 


For 
Flame Photometry and Color Densitometry 
Microscopy and Photomicrography 
Colorimetry and Fluorimetry 


in all 
other fields requiring monochromatic light in 
and near-infrared range. 


Write for Bulletin #180 to 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 
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THIS NEW 


Cencd - Pinto 
SURFACE COOLER 
will double the 
usefulness of your 
Waring Blendor 


A 


This new device is designed to prevent the 
vaporization and splashing of liquids in a 
Waring Blendor, stabilizing the agitated 
liquid at its surface where cooling is most 
effective. Temperature of the liquid will be 
maintained at 1 to 2°C. above the temperature 
of the circulating water. This reduces or elim- 
inates vaporization of the solvent It has been 
found excellent for rapid copra analysis. The 
cooler bulb conforms to the shape of the con- 
tainer, leaving just enough clearance to pre- 
vent particles from becoming entrapped. It 
will fit any standard Waring Blendor container 
of about 1000 ml capacity; bulb displacement 
one-half immersed is approximately 100 ml. 


No. AD17249 Cenco-Pinto Surface Cooler, 
without support stand, each $19.00 
No. AD17227 Waring Blendor, Two Speed 
Model PB-5, with "Pyrex" brand glass con- 
tainer of 1000 ml capacity, bakelite cover 
and stainless steel cutting blade assembly, 
for use on 115 volts, 25 to 60 cycles, AC 
.. $44.50 
Other models from $33.20 to $46.20 in- 
cluding Federal excise tax. 


Write for Bulletin AD86 containing full details 
about Waring Blendors, the Cenco-Pinto Sur- 
face Cooler, and accessories. 


THE NEW 


Cened -Pinto 
BLADE 
ASSEMBLY 


Designed for use with 
materials likely to dull 
standard blades such as 
} copra. Made of special 
| spring steel with three 
blades providing six 
cutting edges. 


No. AD 17248 Cenco- 
Pinto Blade Assembly, 
fits standard Waring 
Blendor containers of 
1000 mi capacity, 
each ... .. $7.00 
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CENTRAL SCIENTIFIC COMPANY 
1700 IRVING PARK ROAD © CHICAGO 13, ILLINOIS 
CHICAGO NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO 
SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVER OTTAWA 


REFINERY SUPPLY COMPANY 
O21 EAST FOURTH STREET © TULSA 3,O0KLAHOMA 
2215 McKINNEY AVENUE © WOUSTON 3, TEXAS 
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+ + + one dependable source of 
supply for everything you need in a 
scientific instruments and labor- 
Gtory supplies. Over 20, 000 items 
«++ 14 broach offices and wore- ; 
houses. 
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GET YOUR ADVANCE COPY 


of the General Program-Directory 
of the Boston Meeting of the AAAS 
By first class mail — early in December 


The General Program-Directory of the 120th Meeting of the AAAS in Boston, December 26-31, 
1953, will be available to anyone, at cost, within the first week in December—whether he can attend 
the Meeting or not. You will want the General Program-Directory for your reference shelf. 


Program content Directory content 
1. The General Symposia: “Species Which Feed Man- 1. AAAS officers and staff for 1953. 
kind” and Sea Frontier.” AAAS d their field 
° t t t S. 
2. Programs of the 18 AAAS sections and subsections < 
(symposia and contributed papers). 3. The 245 affiliated organizations. 
3. Programs of the more than 40 participating societies. 4. Historical sketch and organization of the Associa- 
4. The Special Sessions: AAAS, Academy Conference, tion—and the new Constitution and Bylaws. 
Conference on Scientific Editorial Problems II, Con- 5. Publicati lie ee 
ference on Scientific Manpower III, British AAS, the 
National Geographic Society, Phi Beta Kappa, eee” : 
RESA, Sigma Xi. , 6. Ree. So and Grants—including all past 
of the Mechanics Building and downtown 9. figures by sections. 
6. Titles of the latest foreign and domestic scientific 8. Section committees (Council members) in detail. 
films to be shown in the AAAS Science Theatre. , 
7. Exhibitors in the 1953 Annual Exposition of Science 
and Industry and descriptions of their exhibits. 10. Future Meetings of the AAAS—through 1958. 


Advance Registration 


Advance registration has these decided advantages: 1) You avoid delay at Registration Desks upon arrival; 
2) You receive the General Program-Directory in ample time, unhurriedly, to decide among events and sessions you 
particularly wish to attend; 3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program-Directory. 


——— THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM-DIRECTORY ——— 


la. (] Enclosed is $2.50 for my advance Registration Fee which brings me the Program-Directory, Convention 
Badge, and all privileges of the Meeting. 


Ib. () Enclosed is $1.50 for only the Program-Directory. (It is understood that, if I should attend the Meeting 


Nae later, the Badge—-which is necessary for all privileges of the Meeting—will be secured for $1.00 more.) 
(Check one) 


(Please print or typewrite) (Last) (First) (Initial) 


3. ACADEMIC, PROFESSIONAL, OR 


(For receipt of Program-Directory) 


(May be added later, after arrival) 


Please mail this Coupon and your check or money order for $2.50 or $1.50 to the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenuc, N.W., Washington 5, D. C. 
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INCUBATOR 


ESPECIALLY 
BUILT FOR 
LABORATORY 
OPERATIONS 


@ Temperature Control Within % degree. 
@ Outside meas.: 47” wide, 36” high, 29” 


deep. 
@ Accommodates Small Rotary Shaker. 


@ This exceptional incubator is also designed 
for use in tissue culture, paper chroma- 
tography, egg embyro development, or as 
a drying oven. 


Write to Dep’t. AS For Full Data and Prices! 


AMERICAN-LINCOLN INCUBATOR CO. 


645 Somerset St., New Brunswick, N. J. 


Bacto 
SENSITIVITY DISKS 


Bacto-Sensitivity Disks are sterile paper disks con- 
taining known amounts of the more commonly em- 
ployed antibiotics. 


Bacto-Sensitivity Disks are used in determining the 
relative sensitivity of microorganisms to antibiotics. 
Bacto-Sensitivity Disks are available in three con- 
centrations of the following antibiotics: 


BACITRACIN 
STREPTOMYCIN 
CHLOROMYCETIN® TERRAMYCIN 
DIHYDROSTREPTOMYCIN AUREOMYCIN 
POLYMYXIN B (arrosportn®) 
ERYTHROMYCIN 
MAGNAMYCIN 
NEOMYCIN 
VIOMYCIN 


PENICILLIN 


DIFCO LABORATORIES 
Detroit 1, Michigan - 


Leaflet No. 131 descriptive of Bacto-Sensitivity 
Disks available upon request 


October 23, 1953 


Mechanism in 
ORGANIC CHEMISTRY 


By C. K. INGOLD, University of London 


The structure of molecules and the mechanism 
of reactions in organic chemistry are dealt with 
in this important text and reference volume by 
one of the world’s leading organic chemists. Nor- 
mal states of molecular structure are emphasized. 

“Nowhere else have I found so much perti- 
nent material on this subject assembled in a 
single text,” wrote one chemist. 


835 pages, 45 figures, 162 tables. $9.75 


ORGANIC CRYSTALS 
AND MOLECULES 


Theory of X-Ray Structure Analysis with Appli- 
cations to Organic Chemistry 


By J. MONTEATH ROBERTSON, Tie 


University of Glasgow 


The principles of the science of X-ray analysis 
are clearly set forth and a full account is given 
of the most recent developments, their possibil- 
ities and their limitations. Many of the most 
recent and powerful methods of X-ray analysis 
are described in detail. 

351 pages, 132 illustrations. $5.00 


Forthcoming 


PRINCIPLES OF POLYMER CHEMISTRY. By 
Paul J. Flory, Cornell University. A comprehensive 
and competent treatment of the basic theories of 
polymer chemistry by a leading specialist in the field. 
Ready in December. $8.50 probably. 


CORNELL university press 


124 ROBERTS PLACE, ITHACA, NEW YORK 
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United Sccentific Seston 


UNITRON PHASE MICROSCOPES 


——. phase contrast microscopes, of revolutionary new 

design, priced so low that every laboratory can now afford 

to use the powerful methods of phase microscopy. 

Indispensable for the study of living cells, tissues, bacteria, micro- 

organisms and other material too transparent ‘to be seen with ordinary 

bright field microscopes. Eliminates the need for staining. Many in- 

dustrial, as well as biological, applications. 

@ Can also be used for ordinary bright field microscopy. Model MPE 
allows continuous transition from bright field to phase contrast. 

@ Extremely simple to use. No diaphragm adjustments. 

@ Highest resolving power is obtained. 

@ No special illumination required. 

@ Choice of 4 contrasts: Bright-high, medium and low. Dark-low. 


MODEL MPE: Magnification 50-1500X. Large 
research stand with coarse and fine focusing, 
graduated drawtube, mechanical stage. Rack and 
pinion substage phase condenser. Triple revolving 
nosepiece with phase objectives: 10X, 40X, 100X 
(oil immersion). Eyepieces: 5X, 10X, 15X. 


only $265 ; 


MODEL MPEA: Magnification 32-600X. Medium 
stand with single focusing control. Substage phase 
diaphragm. Triple revolving nosepiece with phase 
objectives: 4X, 10X, 40X. Eyepieces: 8X, 15X. 


only $99 


Model MPE is available equipped for bright field observation only at 
a cost of $198. All microscopes furnished with wooden cabinets and 
accessories. Shipped express collect. 

ALL INSTRUMENTS FULLY GUARANTEED 


Institutions and rated firms shipped on open account; others send check 
with order or 25% deposit, with balance C.0.D. 


Write for informative illus. literature describing all models to Dept. R-108 


204-6 Milk St 


New eroressionat MODEL 


MICRO-KIT 


COMPACT, COMPLETE KIT 
CONTAINS ALL EQUIPMENT FOR QUICK, 
EASY, SCIENTIFIC SLIDE PREPARATION 


ICRO-KIT is the professional model slide mak- 

ing kit for use in college, high school, industrial 
and home laboratory work. Gives you one compact 
ready source for preparing your slides. Contains all 
the apparatus, slides, chemicals and stains plus 
instruction bookict you'll need to make slides of 
technical perfection required in laboratory work. 
Ten day examination period. 


For Full Details and Illustrated Literature 

LOWRY-JOHNSTON CO, 
301 Wolverine Building 
Ann Arbor, Michigan 


Prec Roto—COMPRESSOR 


A carefully designed PRECISION instrument for 
critical study and extended observation of microscopic 
particles, organisms, cells, tissues, etc., in water or 
other fluids. Restrains movement to any degree by 
compression. Rolis objects around for examination from 
all sides while in focus. Brings into view for study 
many structures not observable without compression. 
INVALUABLE for PHOTOGRAPHY 

Characteristics: Size: 75 x 44x14 mm Weight: 84 
grams Compression range: 2mm Compression sensi- 
tivity: less than 1n Diam, of working field: 14 mm 
Mounting time: 20 sec Adapted for use with mechan- 
ical stage and all magnifications 

nm use in many research laboratories: atomic, agri- 
cultural, biological, medical, industrial. 


Price in case with extra 1” #1 cover glasses, $82. 


Write for descriptive circular 


BIOLOGICAL INSTITUTE 


® 2007 North Broad St., Philadelphia 22, Pa. 


Centennial 


Symposia presented to commemorate the first 
hundred years of AAAS include 42 papers 
by leading scientists in thirteen major fields: 


* Sciences of Society * The World’s Natural 

* Educational Potentials Resources 

- Human Individuality 7 Genes and Cytoplasm 

* Food and Nutrition , High Pol 

* Housing — 

* World Health Problems’ Interactions of matter 

* Sources of Energy and Radiation 

* The Upper Atmosphere: Waves and Rhythms 

7% x10% inches, double column, 

clothbound, 320 pages 


Cash price to AAAS members $4.50 
Nonmembers and institutions $5.00 


30 


AAAS. Publications 

1515 Massachusetts Ave., N.W. 

Washington 5, D. C. 
Enclosed find my check or money order for 
$........ for one copy of Centennial. 
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Pressing Saps, Juices, 
Extracts 
Press out Spent 
Extractions 
Pressing Mother Liquors 
from Crystals 


Pressing out Vaccines 
and Viruses 


Pressing Bacteria 


Pressing Fluids from 
Animal Tissve 


Pressing Concentrated 
Extracts 


Plastic Molding, 
Forming, Blocking 


Flow Tests 


Extrusion and 
Extrusion Tests 
Metallographic 
Mounting 


Briquetting, 
Cake Forming 
Compression Tests 


Laminating and 
Vulcanizing 


complete with 
tor General Research 


Wasa: Pressing is Required 
in the Biological, Physical or 
Chemical Laboratory... 


This small, powerful, completely self contained hydraulic 
press produces controlled pressures up to 20,000 Ibs.; tem- 
peratures to 400°F. Interchangeable Carver standard 
accessories, available for optional use, provide means for 
pressing numerous materials to meet particular requirements. 
Available for immediate shipment. 


Newly published Manual illustrates and describes 
the latest edition of the Press and its applications. 
Send for your copy now. 


FRED S. CARVER INC. 


Send new, fully illustrated catalog describing the Carver Press, its Standard Accessories and numerous uses. y 


NAME 


HYDRAULIC EQUIPMENT 
9 CHATHAM ROAD, SUMMIT, N. J. 


FIRM 


October 23, 1953 


| THE CARVER LABORATORY PRESS 
Some of the Many General : 
ests 
es Vests 
standard Pr ~ 
EN 
pressing ext ant Fen OF. 
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APPLICATION FOR HOTEL RESERVATIONS 
120th AAAS MEETING 


Boston, Mass., December 26-31, 1953 


The list of hotels and their rates and the reservation coupon below are for your convenience in 
making your hotel room reservation in Boston. Please send your application, not to any hotel directly, 
but to the AAAS Housing Bureau in Boston and thereby avoid delay and confusion. The experienced 
Housing Bureau will make assignments promptly; a confirmation will be sent you in two weeks or less. 
Share a room with a colleague if you wish to keep down expenses. Mail your application now to secure 
your first choice of desired accommodations. All requests for reservations must give a definite date and 
estimated hour of arrival, and also probable date of departure. 


HOTELS AND RATES PER DAY 


Hotel* Single Double Bed Twin Beds Suites 
BRADFORD* 5.75— 6.75 8.50-— 9.50 9.95—13.00 14.00-—18.00 
COPLEY SQUARE-CS 4.00— 5.00 6.00— 7.00 6.00— 7.00 10.00-12.00 
KENMORE-BB 6.00—10.00 9.00—14.00 10.00-—14.00 18.00—21.00 
LENOX-CS 4.50— 6.00 6.00— 8.00 8.00-—10.00 14.00-16.00 
PARKER HOUSE 5.75— 8.50 9.25-10.50 11.50-14.50 21.00—22.00 
SHERATON PLAZA*-CS 5.85-— 7.85 9.90-15.00 11.00-—15.00 25.00—30.00 
SOMERSET*-BB 6.00— 9.00 10.00—14.00 12.00-—14.00 18.00—20.00 
STATLER* 6.00—10.00 9.00-—13.00 11.00—16.50 25.00 & up 
TOURAINE 5.50-— 7.50 9.50-—10.50 9.75—12.00 18.00 & up 
VENDOME-CS 4.50— 6.00 7.00 8.00-—11.00 12.00—22.00 


xHotels starred have sessions in their public rooms. BB = Back Bay, CS = Copley Square; other hotels are downtown. The 
Bradford, Copley Square, Lenox, Statler, and Touraine can provide dormitory accommodations for parties of 3 to 5 at 2.75- 
3.00 per person. For a list of headquarters of each participating society and section, please see Association Affairs, Science, July 
24, or The Scientific Monthly, July. 


——— THIS IS YOUR HOTEL RESERVATION COUPON 


AAAS Housing Bureau 
Room 614—80 Federal St. 
Boston, Mass. 


Please reserve the following accommodations for the 120th Meeting of the AAAS in Boston, Dec. 26-31, 1953: 
TYPE OF ACCOMMODATION DESIRED 


Single Room .........05. Desired Rate .......... Maximum Rate ........ 

Double-Bedded Room ..... Desired Rate ........00. Maximum Rate ........ Number in party .......... 
Twin-Bedded Room ...... eee Maximum Rate ........ 

Desired Rate .........; Maximum Rate ........ Sharing this room will be: 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


(These must be indicated—add approximate hour, a.m. or p.m.) 
(Individual req g reservation) (Please print or type) 
(Street) (City and Zone) (State) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 


32 Scrence, Vol. 118 


| 
t 
| 
: 
4 
ity 
a 


The Proteins 


A unique, comprehensive treatise 
Complete in two volumes 


CHEMISTRY, BIOLOGICAL ACTIVITY, AND METHODS 
Edited by HANS NEURATH, University of Washington, and KENNETH BAILEY, University of Cambridge 


Volume I, Part A 


May 1953, xii, 548 pp., $12.00 


The Isolation of Proteins 
By John Fuller Taylor 


The General Chemistry of Amino Acids and Peptides 
By P. Desnuelle 


The Amino Acid Composition of Proteins 
By G. R. Tristram 


The Structure and Configuration of Amino Acids, 
Peptides and Proteins 
Barbara W. Low 


Optical Properties of Proteins . 

By Paul Doty and E. Peter Geiduschek 
Electrochemical Properties of the Proteins and 
Amino Acids 

By Robert A. Alberty 


Volume II, Part A 
December 1953, about 550 pages 
Nucleoproteins and Viruses 

By Roy Markham and J. D. Smith 
The Oxidizing Enzymes 

By Thomas P. Singer and Edna B. Kearney 
Respiratory Proteins 

By Felix Haurowitz and Richard L. Hardin 
Toxic Proteins 

By W. E. van Heyningen 
Milk Proteins 

By T. L. McMeekin 
Egg Proteins 

By Robert C. Warner 
Seed Proteins 

By Sven Brohult and Evald Sandegren 


Proteins and Protein Metabolism in Plants 
By F. C. Steward and John F. Thompson 


Volume I, Part B 


September 1953, x, 567 pp., $13.00 


The Size, Shape and Hydration of Protein Molecules 
By John T. Edsall 


Protein Interactions 
By Irving M. Klotz 


Protein Denaturation 
By Frank W. Putnam 


The Chemical Modification of Proteins 
By Frank W. Putnam 


The Relation of Chemical Structure to the Biological 
Activity of the Proteins 


By R. R. Porter 


Author Index—Subject Index for complete Volume I. 


Volume II, Part B 
Early 1954, about 500 pages 


Protein Hormones 


By C. H. Li 


Plasma Proteins 


By W. L. Hughes, Jr. 

The Proteins of Immune Reactions 
By William C. Boyd 

Structure Proteins. I. 
By J. C. Kendrew 


Structure Proteins. II. Muscle 
By Kenneth Bailey 


Proteolytic Enzymes 
By Hans Neurath and N. Michael Green 


The Synthesis and Turnover of Proteins 
By H. Tarver 


Author Index—Subject Index forcomplete Volume II. 


Academic Press Inc., Publishers 
125 East 23 Street, New York 10, N. Y. 


October 23, 1953 
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PHILOSOPHICAL 
LIBRARY BOOKS 


(J ESSAYS IN SCIENCE by Albert Einstein. The world of science as the dis- 
uunguished physicist sees it. Abridged $2.75 
EXISTENTIAL PSYCHOANALYSIS by Jean-Paul Sartre. Sartre here blends 
ilosophy and psychology in presenting a new psychoanalysis based on the 

principles of existentialism. $4 
(J PLANT DISEASES in Orchard, Nursery and Garden Crops by Ernest Gram 
and Anna Weber. Produced for the first time in an English edition from 
Plantesygdomme by two Danish horticultural experts; a Danish work of world- 
wide reputation. !!lustrated. $18.50 
(DD SPADEWORK IN ARCHAEOLOGY by Sir Leonard Woolley. There is no name 
among archaeo.ogists better known than that of Sir Leonard Woolley. The present 
$4.7 


volume is a co.lection of reminiscences. Illustrated. 


(J OUR NEIGHBOR WORLDS by V. A. Firsoff. A survey of the solar system in 
conformity with the most recent information is used ao a basis for a careful 
investigation of interplanetary travel. tlustrated. $6.00 


(FD NUCLEAR PHYSICS by Werner Heisenberg. Deals among other things, with 
Bohr’s theory, the periodic system and tie extra-nuclear structure of atoms. The 
main subject of the book includes radioactivity, the binding energy of nuc.ear 
structure, artificiaily induced nuclear transmutations and with the methods of 
observation and of prod:cing nuclear transmutations. The work concludes with 
some account of the practical applications of nuclear physics. With 18 halftone 
illustrations and 32 line illustrations. $4.75 


(J CURIOUS CREATURES by Erna Pinner. The author gives examples of 
curious behavior in the struggle for food, in nest-building, in paternal nursing: 
she shows us birds that cannot fly and four-footed animals that can; creatures 
which, either for protection or for aggression, make themselves appear what 
they are not; creatures living on other creatures for better or for worse; 
ceatures ranking as giants in their own particular sphere. tlustrated. $4.75 


(CD SCIENCE AND MAN’S BEHAVIOR by Trigant Burrow. The author presents 
a compietely fresh biological approach to the problem of behavior-disorder, 
individual and social. $6.00 


() ANCIENT HISTORY OF WESTERN ASIA, INDIA AND CRETE by Bedrich 
Hhrozny. History of Western Asia from mythical times, which date back to the 
beginning of the IV. milliennium B. C. The reader finds himself in regions 
familiar to nim irom the Bible and follows with unflagging interest the history 
of those anc ent civilizations which rose, flourished and decayed in what has 
been described as the cradle of the human race. Profusely Illustrated. $12.00 


(D ASTROLOGY AND ALCHEMY: TWO FOSSIL SCIENCES by Mark Graubard. 
As is siown by the title, this book regards astrology and alchemy as fossil 
sciences rather than as human stupidity. Fossils were once well adjusted to life, 
but in time lost that adjustment, and perished 5. 


(CO A CONCISE HISTORY OF ASTRONOMY by Peter Doig, F.R.A.S. A new vol- 
ume which provides a comprehensive and concise account of the development of 
Astronomy from earliest times to the present. $4.7 


() THE COMPOSITION AND ASSAYING OF MINERALS by John Stewart- 
hemington and Dr. Wilfrid Francis. The book is intended to be a guide to 
mineralogy. The crystalline forms of numerous metallic minerals are referred to 
in the descriptions of the ores mentioned. $5.50 


() THE ATOM STORY by J. G. Feinberg. The first complete and balanced 
book on the atom in the language of the layman. Hitherto, books on the sub- 
ject intended for the ordinary veader have largely stressed one phase of nuclear 
energy: the bomb. Dr. Feinberg does, of course, discuss the bomb, past and 
future, in its fullest detail; but places it in its proper perspective in relation- 
ship to the comp.ete a.omic picture. $4.7 


(J OUT OF MY LATER YEARS by Albert Einstein. The distinguished physicist 
deals with the most urgent questions of modern society: Social, religious, educa- 
tional, and racial relationships. The book shows Einstein the philosopher, Ein- 
stein, the scientist, and Einstein the man. It is a treasury of living thought 
and a striking record of one of our most eminent contemporaries. $4.75 


( SPINOZA DICTIONARY. Edited and with an introduction by Dagobert D. 
Runes. With a Foreword by Albert Einstein. One of the cardinal thinkers of all 
time answers the eternal questions of man and his passions, God and nature, 
In the deepest sense, this dictionary of Spinoza’s philosophy is a veritable 
treasury of sublime wisdom. $ 
(1) MATTER-EWERGY MECHANICS by Jacob Mandelker. This work represents 
a mechanics with the energy aspect of matter me? as its basis. $3.75 
ENCYCLOPEDIA OF ABERRATIONS. Edited by E. Podolsky, M.D. Preface 
Alexander Adler, M.D. This is the first systematic exposition of human aber- 


rational behavior. $10.00 
MAIL THIS COUPON TODAY 

[PHILOSOPHICAL LIBRARY, 

| 15 East 40th Street, Desk 2, New York 16, WN. Y. 

| Send books checked. To expedite shipment I enclose remittance $...... 

| ApprEss 
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Meetings & Conferences 


Oct. 28-30. New Mexico Academy of Science (Annual). 
Albuquerque, N. M. 

Oct. 29-30. Society of Rheology. New York, N. Y. 

Oct. 29-31. American Forest Congress (4th). Washing- 
ton, D. C. 

Oct. 30-31. American Academy for Cerebral Palsy (7th 
Annual). Fort Worth, Tex. 

Oct. 30-31. Central Society for Clinical Research (26th 
Annual). Chicago, Ill. 

Oct. 30-31. Kentucky Academy of Science (Fall). Lex- 
ington, Ky. 

Nov. 1-2. American Society for the Study of Arterio- 
sclerosis. Chicago, Ill. 

Nov. 2-5. American Oil Chemists Society (Fall). Chicago, 
Ti. 

Nov. 2-6. American Institute of Electrical Engineers 
(Fall General). Kansas City, Mo. 

Nov. 4-6. Mineralogical Society of America (Annual). 
Toronto, Canada. 

Nov. 5-6. American Association of Petroleum Geologists, 
Society of Exploration Geophysicists, and Society of 
Economie Paleontologists and Mineralogists (joint 
meeting). Los Angeles, Calif. 

Nov. 5-6. Pittsburgh Diffraction Conference (11th An- 
nual). Pittsburgh, Pa. 

Nov. 5-7. Electron Microscope Society of America. Po- 
cono Manor, Pa. 

Nov. 5-7. Soil Conservation Society of America. Colorado 
Springs, Colo. 

Nov. 6-7. American College of Cardiology (Fall). Cleve- 
land, Ohio. 

Noy. 9-11. Association of Military Surgeons (60th An- 
nual). Washington, D. C. 

Nov. 9-11. Geological Society of American (Annual). 
Toronto, Canada. 

Nov. 9-11. National Academy of Sciences (Autumn). 
Massachusetts Institute of Technology, Cambridge, 
Mass. 

Nov. 9-11. Paleontological Society. Toronto, Canada. 

Nov. 9-11. Society of Economic Geologists. Toronto, 
Canada. 

Nov. 9-12. American Meteorological Society (125th). 
Austin, Tex. 

Nov. 9-12. Conference on Radio Meteorology. Austin, Tex. 

Nov. 9-13. American Public Health Association. New 
York, N. Y. 

Nov. 10. American Ethnological Society. New York, N. Y. 
Nov. 11-14. American Society of Naval Architects and 
Marine Engineers (61st Annual). New York, N. Y. 
Nov. 12. National Association of Corrosion Engineers, 

Southeast region (Fall). Birmingham, Ala. 

Nov. 12-14. American Society of Tropical Medicine and 
Hygiene (Annual). Louisville, Ky. 

Nov. 13-20. American Occupational Therapy Association 
(Annual). Houston, Tex. 

Nov. 16-20. American Society of Agronomy (Annual). 
Dallas, Tex. 

Nov. 16-28. Pacific Science Congress. Quezon City, Philip- 
pines. 

Nov. 17-19. Ciba Foundation Symposium on Experimenta] 
Leukemias. London, England. 

Nov. 23. Food and Agriculture Organization of the UN 
(7th Annual). Rome, Italy. 

Dec. 17-22. Inter-American Society of Psychology (1st). 
Ciudad Trujillo, Dominican Republic. 
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PERSONNEL PLACEMENT 


YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industrial 
laboratories, and research foundations in the U. S. 
and 76 foreign countries — at a very low cost 

CLASSIFIED: 18¢ per word, minimum charge $3.60. Use of 
Box Number counts as 10 additional words. 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 

Single insertion 


7 times in 1 year 17.50 per inch 
13 times in 1 year 6.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 year 12.50 per inch 


For PROOFS on display ads, c must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


—The MARKET PLACE— 


* SERVICES + SUPPLIES + EQUIPMENT 


POSITIONS WANTED 


Biologist, Ph.D.; desires teaching or research position in Univer- 
sity or College. College teaching experience. Also Industrial re- 
search experience. Box 207, SCIENCE. 


(a) Pharmacologist; Ph.D.; nine years’ toning and research, 
small university; three years, director, pharmacological research, 


_ State laboratory. (b) Biochemist and Toxicologist; Ph.D.; four 


years’ university teaching; five years’ biochemist and assistant 
laboratory director, large hospital. Medical Bureau (Burneice 
Larson, Director) Palmolive Bldg., Chicago. 


Parasitologist: Ph.D.; 30, married, Veterinarian, Publications, 
references; desires teaching and/or research position. Box 208, 
SCIENCE, x 


POStTXONS OPEN _ 


(a) Investigator; medical school department experimental pathol- 
ogy; rank; instructor or assistant professor; training virology 
desirable. (b) Pharmacologist; full time teaching; $6000—$8000. 
(c) Scientists in biology, genetics, physiology; Ph.D.’s or M.D.’s; 
new research department affiliated medical schools; West. (d) 
Chemotherapist; interested cancer research; new research founda- 
tion, affiliated medical school; East. (e) Director biological re- 
search, major pharmaceutical company; administrative experience ; 
background pharmacology required. Medical Bureau (Burneice 
Larson, Director) Palmolive Building, Chicago. x 


Organic Chemist wanted for medium size pharmaceutical company 
in Gee Jersey. Extensive experience in original synthetic medi- 
cinals as essential as fine character. Applications will be in strict 
confidence. Our personnel knows about this advertisement. Send 
resume, starting salary requirement and availability to Box 209, 
SCIENCE. xX 


CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
Box Number counts as 10 additional words, Correct 
payment to SCIENCE must accompany ad. 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 

$19.50 per inch 
17.50 per inch 

13 times in 1 year 16.00 per inch 

26 times in 1 year 14.00 per inch 

52 times in 1 year 12.50 per inch 


For PROOFS on display ads, copy must reach SCIENCE 4 


weeks before date of issue (Friday of every week). 


“SCOPICON” 


MICROPROJECTOR ror sate 


Almost unused. For both screen and table ex- 
amination, comprising 10 oculars 
ORIGINAL PRICE: $2,500 write Science 
Box 197 


SELLING PRICE: $1,000 


BOOKS AND MAGAZINES 


SCIENTIFIC BOOKS and PERIODICALS WANTED | 


Complete libraries — Sets and runs — Single titles 
Please send us your want list 
STECHERT - HAFNER, INC. 3] East 10th St.. New York 3 
The World’s Leading International Booksellers 


WANTED TO PURCHASE .. . Sets and runs, 


and domesti Entre 
PERIODICALS domestic. Entire 
WALTER Jj. JOHNSON @ 125 East 23rd St.. New York 10, N. Y. 


Your sets and files of scientific journals 
are needed by our library and institutional customers. Please send 
us lists and description of periodical files you are hf to sell 
at high market prices. Write Dept. A3S, j S. CANNER, INC. 


Boston 19, Massachusetts 


1954 ARCTIC RESEARCH GRANTS 


The Arctic Institute of North America is —y research 
grants in 1954 for scientific investigations ing with 
arctic and subarctic regions. Resear must inclu i 
investigations or other appropriate activity in North America. 
posals in the physical sciences will receive special considera- 
tion. Application forms may be obtained from Arctic Institute 
of North America, 1530 P Street, N.W., Washington 5, D. C... 
or 3485 University Street, Montreal, Canada. Completed 
applications must received by Ist November 1953. ; 


LOOK AROUND... ine increasine 


number of satisfied advertisers using small-space ads regularly in 
practically every issue of SCIENCE—proof that these small ads get 
results! If you have a product or service of interest to scientists, 
why not take advantage of this low-cost means of increasing your 
profits ! 


3 replies!! 


Within ten days 43 replies were received to a 
single “Box Number” ad in the Personnel Place- 
ment section of SCIENCE. Your own ad, here, will 
produce prompt results, at a minimum cost. Send 
your “copy”, now. 


AVOID DELAY ... . Cash in Advance payment 
MUST be enclosed with ALL classified ads. 
See “Charges and Requirements” 


October 23, 1953 
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MARKET PLACE 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


We Want to Buy 


LIVE FEMALE 
BLACK WIDOW SPIDERS 


For details, write 


SUPPLIES AND EQUIPMENT 


NEW AND USED SCIENTIFIC EQUIPMENT e 
Re! 5 


. Liberal trade-in allowance or cash for your old equipment. 
Ask for latest list of used equipment 
TECHNICAL INSTRUMENT COMPANY 
1508 Divisadero—San Francisco 15—Calif. 
MAKERS OF THE FAMOUS “TIC ILLUMINATOR” 


SHARP G DOHME; Division of MERCK Co., Inc. 
Biological Laboratories, Glenolden, Penna. 
~ TA N S 
SUPPLIES AND EQUIPMENT | | STARKMAN Biological Laboratory 751 Bloor St.. 
All AMINO ACIDS— natural, synthetic, unnatural i 
Rare Sugars, Biochemical Brednets, Reagents, New ETHYL-a-BROMOISOBUTYRATE 


Pharmaceuticals in stock. Write or phone P 
7-8171 for complete price list. 


BIOS LABORATORIES, INC. 1/7. Wot Sirecs, 


ALLOXAN MONOHYDRATE 
o-,m-,p-FLUOROTOLUENES 
NINHYDRIN 


Write for price list 


FOOD FOR 


Chimpanzees—Monkeys 
“CHIMCRACKERS” is only food of its kind—used_ by 
leading university & private labs for over 15 years. Pre- 
pared from a formula developed in the Yerkes Labora- 
tories of Priraate Biology, Inc. Write for analysis, free 
sample and price list. 


Kennel Food Supply Co., Fairfield, Conn. 


TACONIC FARMS 


Germantown, N. Y. 
Germantown 3535 
¢ Swiss Mice 
@ Webster Strain 


8-Glucuronidase (Calf Spleen) 
for urinary cortical assay}, Pregnanedio! assay*, 25,000 
Fishman Units ve! gram** (in ammonium sulfate). 
t Soceuen, A. . C., et al., J. Lab. G Clin. Med. 32, 60-67 
* Goldfine, et al., Endocrinology, 52, 597_ (1953) 

** Fishman, W. H., et al., Jl. Biol. Chem. 173, 449 (1948) 
Uricase 
Derived from kidney. Standardized; 25 mg. catalyzes conver- 
sion one micromole uric acid to non-chromogenic end prod- 
ucts in 90 minutes at 45° C*. 

*Wolfson, W. Q., et al., J. Expt. Med, 92, 121-27 (1950) 
Also available—Cytochrome C, vials of 50 mg. (10cc). 
Raw Liver, Duodenum, Stomach, and other tissue prepara- 
tions for enzyme study. Write for catalog. 


VIOBIN Laboratories ¢ Monticello, Illinois 


Your assurance of the finest laboratory’ supplies, 
scientific instruments, chemicals and glassblowing. 
E. Machlett & Son * 220 E. 23rd St. * N. Y. 10, N. Y. 
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| CUSTOM CHEMICAL LABORATORIES | 
2054 N. Cicero Ave., Chicago 39, Ill. 


GBI CATALOG No. 677 


Lists more than 300 items for Research — 
Biological, Microbiological, Bacteriological, 
Biochemical, Nutritional. Write 

GENERAL BIOCHEMICALS, INC. 


72 LABORATORY PARK © CHAGRIN FALLS, OHIO 


MOIS-TEC RG 


A new reagent for low concentrations of water, 
with possibilties of usefulness in many fields. 
Write for Data Sheet RG-S 
R. P. CARGILLE LABORATORIES, INC. 
117 Liberty Street New York, N. Y. 


ELECTROCONVECTION 


for fractionation 
of protein mixtures 


Proc. Soc. Exp. Biol. Med. v. 81, p. 278 
(1952) 


Send for free bibliography of electrophoresi ti 


E-C APPARATUS CO. 


Science, Vol. 118 
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MARKET PLACE 


SERVICES + SUPPLIES + EQUIPMENT 


it 


SUPPLIES AND EQUIPMENT 


Meta-Magnets and Mineral 


Electromagnet which attracts non-ferrous metals .. a 
Desk size Electromagnetic Mineral Separator ........ 
Meta-Magnet Associates P.O. Box 775 Sanford, Fleride 


ANIMAL CAGES and 
ACCESSORY EQUIPMENT 


BUY DIRECT FROM MANUFACTURER 
SHIPMENT OF STANDARD ITEMS FROM STOCK 


HOELTGE BROS., Inc. 


1919 Gest St. Cincinnati 4, Ohio 
Write for Illustrated Catalog 


HYPOPHYSECTOMIZED RATS 


Ship; to all points via Air Express 
Fa further information write 


8159 South Spaulding Ave. 
WORMONE ASSAY LABORATORIES, Ine. 29, IIL, 


[MICROSCOPE ILLUMINATORS 
A URES...YOUR CHOICE OF § MODELS 


PURPOSE ‘Vorioble insensity Binoculor 
4 ler mi 

Brilliont, 23} Greot odjvstobility 
odivstoble, focus, brilli 5 best buys backed by Lindly Engineering 
with direct optical | shodowlree spot, technical lamps 


give you precision 
control of light intensity : vorioble intensity the 


LIN DLY LINDLY « co..INC. MINEOLA, N.Y 


SUPPLIES AND EQUIPMENT 
(PAF) 


RATS 


PACIFIC ANIMAL FARMS 
2457 Fletcher Dr., Los Angeles 39, Calif. 


|((THIS is the EXACT SIZE RECTANGLE “IN Sreumenrs 
on the Field Finger containing 
over 50000 lines and indicia, No. 201-050-180 


They form a simple, non-marking 
device for the microscopist to re- 
locate fields of interest in a 

wantages: Superb precision-=- 
with interchangeability; non-deo- | LOVINS ENGINEERING 
tructive; used by substitution, COMPANY 


SILVER SPRING. MD. 


FIELD FINDER 


DIAPHRAGM VALVES 


For Lab or pilot plant 
ipe thd — no packing 
ized dural — se hw 
Stainless steel — 
Quantity ay doz. 


HANSON RESEARCH CO. 
6164 Sepulveda Bivd. Van Nuys, Calif. 


Write for 
seriptive Seltetia 


MICRO.VISOR 


Green Class Slide with 3750 Numbered Rectangles to 
for photography. 


find same field again or to mark 


ERIC SOBOTKA CO. 


102 West 42nd St. 
New York 36, N.Y. 


ROBERT BUSSE & CO. 


* Patented by Robert Busse 


Patented” PLASTIC COVERSLIPS 


EXCELLENT for ROUTINE BLOOD SMEARS etc. 


@ Y%, THE PRICE OF CLASS—YIELD 
50% MORE PER OZ. THAN GLASS 


ALL SIZES AVAILABLE—ROUND or RECTANGLES 
$3.00 M 22mm to 22 x 26mm 
Smailer than 22mm 
. (Add 50¢ M for 100’s PAK 18mm & 22mm) 
MINIMUM ORDER 10,000 


BROAD ST. 
N. Y. 4, N.Y. 


@ WILL NOT CUT FINGERS 
@ UNBREAKABLE 


$5.05 M_ 22x 30mm to 24x 60mm 
$2.75M 


your DEALER who also 
supplies SMALLER QUANTITIES 


October 23, 1953 
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—The MARKET PLACE 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad. 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 

Single insertion $19.50 per inch 
7 times in 1 year 17.50 per inch 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 

For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


PROFESSIONAL SERVICES 
LOOKING FOR A PUBLISHER? 


Write for Free Booklet SC telling how we can publish 

your book. All subjects considered. New authors welcome. 

VANTAGE PRESS, Inc. @ 120 W. 31 St.. New York 1. 
In Calif.: 6356 Hollywood Bivd., Hollywood 28 


FOOD RESEARCH 
LABORATORIES, INC. 


Founded 1922 


CONSULTATION 


Biologicol, Nutritional, Toxicological Studies ——@ ANALYSES 
= for the Food, Drug ond Allied Industries 
: 48-14 33rd Street, Long Island City 1, N.Y. 


wisconsin 
ALUMNI 
RESEARCH 
FOUNDATION] 


LABORATORY SERVICES 


Project research and consultation in 
Biochemistry, Chemistry, Bacteriology 
and Entomology 


Vitamin assays including biological assays for 
vitamins A, Dz, D3, E and K ¢ Amino acid 


assays and biological protein evaluations 


Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


P. O. BOX 2059 e MADISON 1, WISCONSIN 


LaWall & Harrisson 
Div. S, 1921 Walnut St., Philadelphia 3, Pa. 


ANALYSES - CONSULTATION - RESEARCH 


POSTPAID 


Personal check or 
money order, please 


ORDER YOURS NOW! 


@ It's DURABLE—sturdily 
use—i 


@ It?s PERSON. 


Keep your copies of SCIENCE 
always available for quick, easy 
reference with this all-purpose 


@ It’s PRACTICAL—simply snap the magazine in with a 


strong flat wire, without cutting, punching, or 
mutilating. Snap it out just as easily . . . all in 
a matter of seconds. It opens FLAT—for easy 
reference and readability. Holds 26 issues, 


75 ATTRACTIVE—in besutiful maroon buckram, 


stamped in gold leaf. A fine addition to 
library 


constructed to withstand much 
ideal for classroom, laboratory, and library. 


AL—your name stamped on the cover for 
only 70¢ in Nddition te to the regular $2.75 
—the year of issue will be included for 40¢ extra. 


Science ¢ 1515 Massachusetts Ave., N.W., Washington 5, D.C. 


Sormnce, Vol. 118 


SINCE870. Food Ingredient & New Drug Studies 
Philip B. Hawk, Ph.D., President 
~ Bernerd L. Oser, Ph.D., Director = 
Research Analyses « Consultation ‘Bacteriologists 
Chemists - Pharmacologists 
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Tracerlab*. 


Tracerlab has developed the most 
extensive line of nuclear instru- 
ments, radiochemicals and labora- 
tory accessories available today. 
These products are described and 
illustrated in our general Catalog 
C, and in issues of our technical 
publication, Tracerlog, available on 
request. Regardless of your par- 
ticular interest, if it concerns radio- 
activity, we can be of assistance to 
you. 
130 High Street, Boston, Mass. 

2295 San Pablo Ave., Berkeley, Calif. 
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Electric DEGALTER 

for the removal of inorganic 
salts from organic and 
amino acid solutions to 

be chromatographed. 


Indicator Sprays 
for application of indicators 
to chromatograms. 


@ The RECO line is 
specially designed 
for one- and two-di- 

mensional Chromato- 
graphic analysis. 


@ Also included are Densi- 
tometers, ultra-violet lamps, 
RACKS pyrex disc chambers, micro pip- 
Stainless steel ets, stainless steel clips, solvent 
or glass for troughs and other chromatographic 


one-dimensional accessories. 

separations. @ Our General Catalog gives complete 
details of the RECO line of Paper Partition 
Chromatographic Equipment. 


Write for your copy today. 
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¥ 
‘The RECO CHROMATOCAB 
two-dimensional paper chrom 
tography -. . using standard filter 
\ 
(RESEARCH EQUIPMENT Corporation 
N35 THIRD STREET - OAKLAND 20, CALIFORNIA - TWinoaks 3-0556 
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